2U^iu Cui.Ua JU^ta ^jlla * 4 



5j £*a1£1 4jwL>- ^^JjlJ^ A-JS 



JUm jJJI 2tJa JUa / t J^alS JL^^ I JL49M / -i* t 





u 4jL^K1 ^3 t>SJ^ -^jjl 4.„f,wH ^tj^-Vb ^jlsu^ juie-^.^jVI CiLiLik ft g Aj 

, eg o I r » tt j u-^jJt g-UJk. (j-* VJ j QL^bp^ tiliidtj cU^SJl j ^bjj-AJta 

^L^ i Jju U Jj-u-j liLLh dJ^I^i f*^^}J* >?tjJ* tJi^ ^ ^jLuL^uVt ^jLAliil 1^"*^ 

U ^LjjOJj i*UjLSrjXl$ 4juuULljJf (%x^UlL1 Jy» ^Jbt^ ^JLC J^jJ ^1 JU V UuSlj ^^JjJl ^y* 

J^Luu ^3 4^-43 03^^ (j£ ."tVl IV 1 J.S' ^L-j I CiL?-^i1 J^Ijllj 3jl^-_^J1 



i^ul^i] ^1JuL4t 4^3 CjtjLxh^ Jjlj-uJt 4^$ jjlj-ll ^1^3- JjlJuLLa 5luUl1* L*\ 

.(j^^LijJt Ji-aJJl iIjjjLiJ) £jrt-J^ ^Ljjj^J^ 3j*j^sJ* iilLU* 5jL*^i J^LjulI 

4JL^ 4^ ) b^t_4 wL^^il < oltauJ Jlu-r- (4£.Vi LbjU-jLcb JlaL^-jib cjuJI -T 

Lfcjb-Lcb jj*^JLt 3Ju>4 L^jJj .(tj-^Jl iJL?- 4^ ) la-^^Jt f jl^ <_.JLlu V $1 ( Jj^aJl 

tlafjLiJt ijrtjI^-JLi 3jtj^_Stlf \aj -Y 

dUjL^xiJ) ^j^LLaif Litiii^j dj-ojj_ii^fcl 1 4_i_4^i_f i LLiii ut-^7t! ^lii iiaL^Lj *__iLISLIt - i 

us 

Sjjtalfcl ^UjjjjJlII LJuSjl <ui bJ I ^j_uLL<Ji Itf^a ijJjJi isujl ^3 ^— jISJ 1 ^Ij^-J 

iljljibJl^ ^LobJ^dli ujjj^fj di^JL^^Jf^ jLajV*^ jMj^^ U^- t^bi^tl* 4_LuU »_iL!Sii Jjj 
1 ^jAa-Jft ^jljL^tjjj <il 4 U ll ^j^aAJ ^1 g a\\& 4_ijb^_jJl 4jJL*tjVI <_3^^_5t)t 6 Aj-i-ul ^tiU 



■ ^ HUH l_jJL^ ufliiAJl ^141^1 7 1 ^L^IaV^ i^i^latl! S^Ul j$MaJ\ jliSV^ 

Jii ^jJjl i^l-L>i l-j^LluIjjJ i^utj tbJ^-iJ* 4^jjJb o^Su ah (^j^^i ^TLuij^ .^jj^iJl Ji a 1 iti\i 
^ic (*Lju fbVI ^ f^j ^ 4j! ^^i^ jLa^-aJ^ J ua aJb dJuc jJ> iliJLJeJbj LujJl 4jlC LjJLstJu 



■ 4 ^ * jjj JL^jfcja ^j4Lu JL<^a-4 m ±A 



oi m \ i CjL*$i,\ ^jVi SjL^oJi 

YY *^-uaJ1 t^jtUt J^iaM 

H % . O 0 ; £j| jXl (J-3*>^ :4 t 4jLUl SjL^jJt 

\y S , ^ V : SjijjJi :JiJtiii s^w^Ji 




Waves bJL^^I 



Wave Motion 



JsUi J— ill 



hj^LJuus <Lal^£. t_j_clJb itf-Ul ^j-S ^jL^JG CiL^-^U ij_5t^_4 ^ "* i ^ 1* jV* JLsej 

j^Hju l .i^tu^i 2bLLaJ ^cLi^j j-4 BLl^9- *u ^^SL<-a SLlaj- - j^i*-^ 

^5 *0 - ^ JSLA) SLuasJl diij Id^a^u La)S>^ <5u£iIL4 jjl^a ft LU jttxui 




^t^rt*i ^^yic j -luJua jjjjuuU JjL^$> 




<Z*L»-jll4 tl^LaJj lLL^3-4 liU^ ^Mechanical Waves 5uSLul£^j iljL^* &U,I dL*-^ .UjIjT 

.Electromagnetic Waves a^^ur.i^ tlA^a 

L-iltaU iAxilS^li £*b#t*j ^U^iVt < L? AaJt J ^ : ^ A7ti ^ ^jLitluij J&i fit-rays) 



t Mechanical Waves XjSLa\SJX\ ljL>» 



.^jji^J^ ^1 j i U ^ JaiIj t-jl^kwiVt ^ (T) 
O^VI J**j j Jfau^jjl (T) 

(Y- ^ JSLi) itLuJl JjjlIj Jl* ^JJ^tl lajuiuJl JjJL^M (0 
(X-\ JS^i) SJ^ll AjUjJ* 4£>£Jl (Y) 








4lLJi J3 Juj 



T 



,1. 



3L^ljy* 1 J*- 4 *^JJi>-^J* Suub^-j-jt-tt CjL5ux£J1 qaxa ijjtJJL&Vl 3lS>jJIj lajJ ^3 
t>0Jl_9 i Complete Oscillation aL*lSJt 3jIJ^-2aVI^ < Amplitude a * mtlj * Displacement 
tl&A tjSCtuj** ^Jb Uxi^ .Frequency x> jUf^ < Periodic Time (Jj^jAi 



4ijSLui jj-oj^a ^ AUsJ ^1 ^ ijl^tl f*-ui^Jl J&j 4^ *Displacement( meter )4*-Vj)t\ 
y i^JL^\ ^-^ii i Amplitude (A) (meter) SjlJJLkVf AJ^, 

^ JJL^It ^u^Jl UUaj ^1 iS^f ^ t Complete Oscillation UalSJi SjlJJ^Vt 

jbtlt it^U^Luud CJH^ 412^ jLuu* ^ dJL>t^ 4hrtH 0JJ>4 cjj ^jjadii iiLiJJi Sjlill 

.4^jjJl 4jIjlj aU* i I 4^uiltb "Phase" jjkJl ^^uij 4l y^SL; < JbMj 
I ^1 2Ul£li Cilj»^_lAVt ^jl-c ^ tFrequency (V) (Hertz or Hz) 

jJL^1 4i jJLLuu fjjJ\ ^A^li * Periodic Time (T) (second) ^aJl ^JJl 

• JL9-lj eb^t ^ c^JjjJLju^ CJjJJj-* 4lS^- 



1 




Resonance *J>W>" 
ggpj ^ £ * ^ £t^J* ^h-»^ IS^h-4U L^>5U 

i^Li* t> v-!-^ iResonance 

Resonant Frequency Juj>J\ $\ ^JaJi ju^HI 
Jiu-j>-^ (j^j^ajJS ^j-itj 4 Tuning ekxJ^j ^LjiI 

.JLiLuVi 3>5b ^ Amplifier 




l-j-^j Tacoma u^o ^> jL^i 

^jLlmj ^^jjj jyuLSeJ* jljJLfcl iIuoj^ ^yUt ^bjj^ 




1 J^JjQXt ^ik^ 



L*-tj_uj 4_iiajia r< i f 4j (jjj-UI o-a-at fry* mi Ui^.^ ^ ^Ldj LJj-ifcj tit 

^jjijJi *Ll^-jxj dJjLfcL ^AIl LuouLuj tils .itaxjjtiJt 2u^1^Ut iS^stlt iS^stJt 

Sine Wave ^l^tl^ ^Lu ^AjtLa j^pXc Jyi-a^tj ij_u*Ulj a 1 ml 




X— H 




dlj-uj I i 4 fejJb ^ I ■ * * i ^jjii^l ^i-at gaaUdi i3>-3 tfi 4lL£ jj j ^ " j i Li^jI 

liLfl .(I ^ T- \ JSLi) £^u1j liiLs*- ^ JUfluJl 4fl^a JU£. Jj^ta ^ j^-^fl t-fljkllj 

i^^jJl dJj^JjJJl j^k- j-^? Compression uai ,u :ti [jlaj u» ,uv* A cjuu ^.k: 
L >AIij U uL^ >*« Rarefaction Ji&IstUi .^LstJiJt ^ Ll^j 4jJbe_4 <GLiLr- 

jy& <^>t* jLUjI tfbtli tjSUj .^ta^uu 4xifl^j 4$>^ ^3 (dJ^jjjJl 11& <tUuU ^jJl) la^^Jl 

JSS3 lLo- i Longitudinal Wave iJ^laJl i^-jlb S^jXl q«mi^ .i_*f jta*2>¥l J12ISI abejl 




^uJ^La IjjSL* Jhl£* ^J^J 




Ed) 



: 






■lUtlMtilMIMiltl mi < m 






1 J^JjQXt ^ik^ 



.*^Jt jjIIIj ^Ilt 2uIjWt tZj^uaJt ilLti ^ic. Jli«3 



2uiii$3 i5>-^ lU^*j w SlSLh ^^1!S La.Vn ^g^ij I^jL^ ,u * ill 4ajl^ *Vr*4j 
L-jJbJb {J*$j \JA$ .a£j-*} \ (jjJluj L$j Cuutlt J_jjJ) cfl^k dJLtjJ buu ^huIjJI aLstiVt 

4jic SS>5tIi J£ul5 lj5LA$ »jN>Vt 4^Jb cj^- iiaulZU 5jj.ua.-> J^ftJt qA ^j^cJl tjUfc 1 ctjJ^Vt 

4iyS^1j3 Jj_?tlt ^J^H (iJ^ftJj LqjlU (V 4£.jjjJ ^i^i ^L^jt ^ 4j?-^_4 4j.iA (jit ^Lpeft J^la 

,(Hf- \ JSLi) Transverse Wave j*1ula 4*-$* *oa$ -o^b ^ dLxu*j 




3 

I 




iu^i jJi a^^^U ^j«Ji .JaUJ 

dJjb dljH^ej L*JU£^ ♦ dJjLu ^Juiu4 j^Vl <t3^Ia UJlu iaSLstJ (JlljuJI ufl^taJt) 4_jL3jia 

j tit 2S i Awa^J JSLi ^Jf-jja jlAIil li^^O tPlllse 4ial) JSLoi ^^k, JiiuV^ ^^IcV L-^ij 

,(U - \ J^) "Travelling Wave" di^S j^o i^>lt aAa * J^jJi J^La 

H 



V 






) 



(b) 



A- 



-A-- 



4^jJ- 4^1 7*1 ±$ ,1iii4 JjJ" JM^ 




♦ iJlkaJl JJtljJ Jillj uj1jt^ji>! Vj Lo Li>Si JnH" L*£ Alalia iij^^a 4 ■■■ j-A 





JSLi Jj=- jit* ijSj^j 



(jSLA ^^k. JI^4 ^j^j} i-^iJj 

. Transverse Waves 2u**jjljumX\ ljL^jII ( \ ) 

• Longitudinal Waves A-Jjla) \ X ) 

jjt^j c*L»pjti tiLla ^ : Transverse Waves a*bj»l mti GL*j4lii 
.2L^*jlf i£^»JI jLUjI dUgl ^^ic ^Lm( ^ji L^jjJJf £*b1jj» Jj^ i^^jlj 

GLLjj^ L^-Ji jJL^j ^Ul OL^U tdij ^ ^Longitudinal Waves ^uJ^}\ OL^ttj 



■ i • 

W 

I 



t 



I 





i^jil ijj^^ cyla iaLta 

<£La) <L^^l! Jiulj 



jJLuiXl <LfjUJ JiAJt ol c^JJLjJ 

i^o^u ^buu» jjuj ^ai taMit 
*L^svt ^ a-^ij^u cbu^Ji 

ctj l£' StL^^U^ .{Trough 



1 Frequency ( v) fferfz j Wavelength (X) /Meter ^>t* J>t*J1 



.(Y* - \ JSLi) l^J (jp^->L* JjLilb 4jJ^W| ^ t^JjJlILa (^dsti^tJ ij\ t£j£jJ* 




^^^il J^£caJM l^JjJU 

JtAJl ^ LSi(BD) t (AC) CglbluJj ^JL^U 4^*>ii J[$fcaJt JIaj £l JSUj *to* ^^k-^ 
(jjJlj L*4J ^1) Phase j^LaJl j^JuJlIIll ^ulaiilt £^L^ ui^Lj * Jl^-Ij aL?tj \ ^3 iSju-tj 



JWVIMllllUlM 




djj^ta ^3 JjLaJl ^_jjjju 

. i^jlll ^ui\ 4xiL3 Jl*-\$ 




1 J^JjQXt ^ik^ 



A B 

• 





0,9.1 £bj1 Ljilj AjL^J 



) 



) 




4jia X/ JgjL^li J^Lsj **** j a t m t i j3-T ^Jj otSL« v i-c^j^-j S-^j-* iiAilii lij 



V = 

T 



V= — 
T 

T= — 



6% 



Us 



U-2) 



♦ 0^>U J^Lall JiLsu 45Luw* i^^ll JZujT ,Jj$± 4jI ^1 



t CH>" 





1 j^JjQXt 



Mj^j! ^ %Jj^aJl Cib-jll jLHil 4£.j-uj Ua 550Hz 



v = 0.6x550 = 350 m/j 



72 AjjLj ijJLS (^fl ^';« " j/i j^Ul eUl kZjL>_J_4 .SJLC, (jL£ til (V) 



v= ^ V 



v = 12X0.1 = 1.2 mis 



(3 mAs ) ijUli ^ ^LS Oft 300 ^ 4 L«S 4£>ud cLaAJl cj^aJl d\>^A jAjjJ (T) 
4 £^aJl I .iJjj 1*3 .5000 A° «.^aJ\ 

7 Angstrom(A° ) =10~ 10 m 

c = v = 3 x 10 s mis 
"k = 5xl(f xlO w = 5xl0' 7 m 
c= XV 
3xlO s = 5xW 7 xV 
y= 3xl ° 8 =6xl0 14 Hz 

5 x 10 7 




^j^Vt I a! ^ 4i L 4 Ai. t <JLcj*jjj jjjSS j-L^jt ft«mJtJl AS^_?- jLm-4 I* Ha^J 

» *Lc Jju.4 

. ^-'j dLstJ I ^3 jjruJIJyU l53^4 jL.o.4 4*^4 St^Sg &J$j* LTU ^.ua^J (ta=r Ui 4juUjJ1 



>4jljIj Jl?-1j SjjlI ^ iS^Jl jLik4 SCLfcM Sta SI a j *j ^^111 <1jL?-jA1 ^Jjl ^ *i 

.ii^-^ll instil jLAIjI ^Lstjl w ^ ^ sLscjI 
V = Xx V t ^ Cjb^ll jlALj iiij^u^ ^iil Ji^ f i -a-ajllt lt>j i3Mitt • 






4x1^1 fe-jll -T 



Ar^-tjVI ( 1) 

. . ^jtJJA^f ' " (<_i) 

^ ^jI^IaVi 

. . (-fc) 





v=Xv (i) 



V 



• ^jUliS^ (<_>) 







.^UJ^U 5S>SteJl jLlilij lai- jjjl^J ^1^- U^jSLm 

♦ C^tdJl jLuojJ 4£hj^u ujSo 

546 m/j CO 550 ro/s (£) 555 m/j ( v ) 338 mis 0) 

ojSj 225 Hz Lto^^j 2u-±j 4_jl^ j uJIS 540 mAy ^ ^t^tl ^ ^i* 2ui j-ui cJLS til -0 

» j-fc >ULj *jjJL« 4^>>i* l^ijia 

T CO 20 <£) ^ ( v ) ^ 0) 

2 4 3 

- Att ^ j ,1. 7ij (7 Angstrom (A °) = 10~ 10 m) 6000 A° <^>ti 43jo -i 

, ^± jj^j 300 x lO^km/s 

4xl0 14 Hzi^) 4xl0 10 Hz(5) 
5 x W 12 Hz 0) 5 x 10 14 Hz fe) 

I j-l^ta tru AljuiIII (j^SIj i0%3-* Jajjj ^9 *■ 256 t 572 Hz L*Aiijjj ^LL^-^a -Y 

7 W fw T W yO) 




CjL^II klib-jl* ^jjl^ ^ju ^ s-^aJta ^jLUu^ ;J^U ia^-^ J) ^LtjejV 4ji lIuls- 

^ l^lu Ujls jjLJji * 3xl0 8 m/s Lfcjjts ^jitii ^ 4x^u U^Hr^-r j-^Jij iLjuutaU^#j^£t1 
,( \ - T JS-i) Electromagnetic Spectrum 0 jh iitM li^j^SJi i tl SjlLul* ^ 

a m avi CjL^_*$ t Radio Waves jj^* ^1 C*L*-£-a Jil±\ Ji ; - ^JU^ Jt - ^ 
iir inAuti (3>a ijL-ivi CiL^j^Ai Visible Light j^tiiii ^>^i C*L^aj* Infrared 
.Gamma (7) -rays Ub- ^ * Al JLL^a-4j , X-rays 2> ■ ; ■ ,nh iSmiiSn JLL?-^. Ultraviolet 
C^L^jja L^ju r ^- # vj 4£.j~uJ\ j^Juj fr.Uja all ^ S3 $1 j-ilJ-u SS^J A * LgJ L^jua^-j 





1 J^JjlH) 





.J^jUJl Jaj^ujjt i-jLui^y- 4iiilit4 * ' * La_Ld! IjLuiSjI LujISLju* ^Iju ^jI^, 

.^^l^ll fjjfcl I tjL^t jjjSUj ji-Vl *Jjt^4 i^jri^t'i j cjdd^Jt Jya )cjj>- jjUl 

£^ ^Ji_i-ai\ 2S&2j ^y-A (Ji^LdJt JtLi_£jJ! f Lilt ^^_j4JL!t 

f^-ul ^ Ltj ^Jn^-T AjluU 4^jLUt 





N 




f-k^jX (|) 
























\ 


















V 





( 3 - I ) 




j$ 2ujj Sit «li jl^JLII j 4 j^tj oil ji el ja all (j—A >j CaJl 



30) 



LjJh«J t!>lj .^pL* ^1 ^ ^Jaij^ ^* j^fi ^j-dJl j* cL^_iJi ^ ^LCj^ujj 3 xlO m/$ 



(3-2) 



II = 



11 <U jl...C>Vl J.4LSL4 



1.00293 
1.333000 
1.501000 
1.461000 
1.361000 

1.52000 
1.660000 
1.4850000 
2.419000 



-Li 



-4> 



tJL. LjVl Jj stilt 

c^l Ul S l 

^ ^aJl £ | ^-JJl 

j jjlj £ II 



J.! 



V - 

Vj 
v 2 



n 



_ 1*2 



l n 2 



= m 

' n, 



£t jLiaL ( 3-2) dfl!sWt ,> (Y) 

(3-3) 




n 2 _ sin t 



n, six\9 



0] sin <j> = n 2 sin 9 



(3-1) ^ (3-3) ^^IJb 
( 3 - 4 ) 



.Sneirs Law Jl^ u>iLaj <-s>*=* U 

j^jljS^I «.^dilaJt ugliigj dUjLt^ £^?-jil Jjfcail U-u jjffialt jtmSjVt J^La-a uIsILsej uiixr^ 3 flUjcj t 



^ j^uSm> fAjuiJt iaLLS (jp lti lau^ a / Ji 43 US JBi U ^^J 1 us,,. 
a^a*]! ^ \ ju±j jMui£lit gWUl ojSL^ ^LSJ^ ^ J51 ^Jj 4aU£lt ^ g,ici S^UIU 




















ialiS jjSt fa ,,.a iaiS J3i i 













J — -Jt 



n _ sin ({) 



sine 
1.5 = 



"sin 30 
sine 



sin e = jj = 0.333 

6 =19° 28' .-. 1£a 3 
3 4 
2 3 

t -*-?-;L2 

.slit (Ji ^L*-jJt ^ ^■■■■:ti JaU* 
•S L ^j Jt *U» j> jLuijVl j>bw (l) i JflfcM 

3 



n- 



,n 2 = 



2 9 



nj 4_ 8 



4 



2 n i = 



_3_ _ 8 
3_ 
2 



n, 



n 2 3_ 9 



n. = 



1 



2 n, 



Light Interference: c>*-a)i Jj>.i*u 



f^iijlj u2j*JU Tt ^ J^-t JLtJl Sjy^U^ 4jjdjjJ 4j^_^J YoUIlg JJjlJ ^Lfl^J ti>?"' 

JiAJt ^ ^ .(VY) JSLUb i^^d < Double Slit Experiment 

5u^a X ^>t,l J^JLt i^t Monochromatic Source ^jJJt ^L>1 > 




gll gfaLMI ii.lL.uJj ♦ j^LaJt qjiuOJ I^IlAJ ^Ul CjLt-^JJ oi^J ^JLtjJ ,4xi1 jLxuuVl jJLua Qi«eu 

^yjjt uaJLt diH (^a^ i4l^1^_Ilt jal mM liJ^JLy q\ si£a2 mil 
82^8^ t^Lsfclitll ^y* jIjj^LaJ^ (jL-^rTi^ jLS\^*J 1 





^jIoLSJl c^Lu^-jIl 4^U?jJtl* £jL>£4 L-iStjJl C Jjbtl f 
^uALLo LjjlftuJ iinii * ^IsLJus ^JL 3jLt£, .4j)1^1L> 2Ux2L^U ^LalHf 

.(V - T) JSLUt ^ L*£\ Interference Fringes J>fj_IJi ujjla ukj^su 
, ii^AjtJ^ J^a ^iiJij j-4 A y i^iJjJLZU (^ujjl& ^1 ^jj iaLmi! 

(3-5) 





J^-IJoJl i_jJL& 4 JT ^-_9-t,^ J^taJl l^IxjlJ ij^JejLfi £JLA j*JL2tL-u_) 




( 




m 



,(<_j A - T ) JS^Jl 

(JiSJl ^ ^LiL^Jt juu oLf til 
SljLilb L-Jh— mm t?-JH-^ R £3-0^* 

At = d sin 9 
■£S«0"^ J>'* tt o^ 1 ^ oi^ is Lull d ^43* 

Ar = d sin 0 = mX 




sm e = e =£^=4 

d r 

y = 

d 

Ji^tAl £4 (m+1/2) "b^Uii^ (r 2? r,) q \ &U All ^ ^L^it ^Ji ol£ *M L4I 



o^Sj ijlLU* ^k. ^i^rt 4t^ai <jLfl Ar = d sin 0 = (m+1/2) A, ^1 



sin 



ft = ft = (m+i/2)X = _y_ 

d R 

y = (m+i/2) ^ 
d 



.(U - X JSLjI) 4jJ^J1 5Luj 






. JUL* 



4jkj iflL^tl 0.75 m ^jl^J* JUaL^V JjbJia ^uJt ^ 4iUi 0.00015 m 
.^jlseI^lI^ J^J* ^b^ T i c^i^iJ J^LaJi 0.003 m jryL-*^ jhIjjla 



Ay 



0.003 = 



0.75 x X 



X = 



0.00015 

0.00015 x 0.003 
0.75 



= 0.6 x 10" 6 m 



X = 10 10 x0.6x 10 ° = 6000 A° 




Light Diffraction > 



SjL^juj —Airy Disk ^j^i ^ jJ& ^4- n^j - h^j^ 4.1-4,1 ti i^ij-i J^SJ 

■0 Y - T) JSLtUl ^ US 4*1^ Slxila^ ^3^3 j^lj - Jjbtlt ^JUl 3cL^Vl j^jjj 




2^Uj 0 t-T) Jj^^j Ulu * !UjaIuc4 4_5&Ia ^Ll j^oJ) OT-Y) JSLsUt 

,(V0- T J£-"0 &r*-^ Q*%*^3 (pUJi 4r^t3 ibu^ bjLi* ^jll 



4^jj! dJXjJI 1 fcttltl 

■ II ■ 



I ^ 




4 ilk-inn 4 irtla ^Lc J) ftiSfc] * 




asd 02 d 




5 Eg 



<j^l> JjLaU 4jjLL*3 



T 



* 

->2» 



-*3# * 

-*4« 



r 6 : 

^ t-> ol m M 





43tld_h ^ 4idot^ laidj Jya SjjLus 4j^jLj CjL>j^ JiHju jj£ Jiaj^Jl 




1 J^JjQXt ^ik^ 



r 




JSLi J^^J (^UiL2u« uJ^ L^UjbI] 4tl^a.4 l-jJia) j^JL^Jt ^i^AJ LHj ual£ jJUuitlJ 
Lu-uu jJoS dju ^ULol Jl^-^j ni 4 4j JjL?- tp*-s fJuaH " A iy ' " A 4^>* (VV-T) 
&lu1S iSJuaS 4_>^Il jJLud IsL^^uju 4j^llf Lixla ,4) 4Jj)^4 cLouU iiLi 

joa ^ j^LuaJl t^j^J^ . Secondary Wavelets 2^15 4LL5tx^ j_*Lua_^ 4jLUj 
, (1 W-V JSLi) ilju^i ijjLA JSLA j>jtaj JiH jlS I^lu 





^ lL*-uII £\ » mi h J-A 4_5fcl-i]l ^^iaiJl ukjuaJJl ^fl 4Laij ^ji^l ^ i±l3L-lU \ £\ * Mitt 



.(\A - TJSLi) pIIj J^lJjcjJbej &s Usjl 6^u!i Ijla 






Limit of Resolution Jxbtih ^ 3 Jxl b^i jb^tli 

cru iiLudi dujLij lit >3ttS3 >« 4 4jjl* j.nn 4 J£ jUa < Aperture ij^jb 2 

3jjiJi ji ^1 < Aperture 2bJAJi ^ D < A0= 4S>UJb 1^53 ^LdLi cnLj^Jt 
J^kli^ (Aperture 4 >7 Ml JjIo) i^JuJl ^La L^^^^SLdf *1L> ^^ls dilil^ .^^ll 





6 


j 

> - — c 1 


>@ 


(i) 

t J 






<•> 


6 


M 






*» t 






.^LSjuYt ^^jUJ 1^3^ jj^Sjuj (T) 

.jLujSjVt ^^jliJ Lofl^ jm-uSLaJ (Y) 
.(iJti* oJLA) ^jL>Vt J^ljil ^ ^jj^Jl SjLii ^ ^lo^jlj 



(JSI la^iij (jJl (^L»-jJl jl) sUL£ iaj^jJa t&\J£ ^J>u> £L»jji Jaoj I* die 

.(V* -T) JC At) ^ s_ji«tl jjly j-uiSU,) » I - *. t) £)Lfl >-ljjtK a ^'j-J* 
5 4jlS ^t^Jj (,j-uS a&3-<s ...CM J>aL*_«) djj^Ja isLiS j-lSSH lajjjjl ^3 t-tj* ,,.tl <Usi j <L<u_S 

. (jjJluj j I*-* 1 jLluSu) J^Ljw) )iujjdJ> ialiSJiV) JaujJ) ^ ji . ,.c\y t Jb^tj 

: a, / : 



\ 







1 J^JjQXt ^ikd 



n ] sin (j> c = n 2 sin 90° 



s in<t> c = 



= i n 2 



(3-6) 



JflVt I^aJI jl fAtl J^La^j n 2 < 5 nj f n S_aLL£ ^lSvI la^y* jLu^l n[ 



nj sin (|) c = 1 




(3-7) 

. ailiS ^SSn i^^il ^imi jL^jV) n i. 

l^M^ ^1^- ^ J-A-m^lt QJiAj ^3 LI? Lml£*jl ^S.t-L) LfljJ^ J 2 Mji^ 5^11? ^jlill Ifl-mjjt ^Jl 



: 3014 * 



a*yjJl i <<«*\* <J*l 133 $ L6 Ua *LUj £40^ jL^I }UL^ ^15 lil -\ 



n, = 



1 



sin(t> ( 



sin<t> c = — = — = 0.625 



n, 



1.6 



<t> c = 38°4r . \4ia S 




« J) ij-lU 




sin(|> c = 



n, 



1.33 



= 0.7518 



<|) = 48° 45' 



n, sin 90° = n ; sin (J) 
1.33 x 1 = 1.6 sin 6 

sin <f> c = 1 x 133 = 0.8313 
1.6 

<[) =56° 14' U^j 

C 




Fiberoptics (Optical Fibers) (au^aJri) 2Lp>^J^LJV) tVji 



£j-=tJ ^yl-^- (^-j^tj) i^ljJt ^y* jU-S") lajrt Mitt 4_JLLL* ^-li^ 

£ uAii^^b^uv! ^ljvi j>y> t> a^su (rr-r) js^Ji g£gg 

Jib-fa! *Uftl 

lIllaj i ^Hu^U 4iLl3 2Gj-a u^Suu 





1 j^JjQXt ^j1^4 




Jt ^ ,*aitlui3 ^ (V i - Y JSLi) Endoscopes*^*]! ^kU£i ^jMt ^^tidi 

us, 

.(ro - Y JS^) jUJVt JjIS^ ^id^SJi otjLiVt 




ft JitL-uU 4jj-k^ sjLJLtC 




j^IU! JLSull u ^mj 




^^^^^^^ 



qjW* lkh^) *i j-il* t-i* jr jS*i - Ultraviolet 



42° 0-5) j^iUi* ^jLmiSLIJ Ju4Ul4 £b-j chj i^j^Ji 

i^j^- jLi_u^o ^ ^ t V 7 mi j (90°, 45°, 45°) dLjt^j £t-£vjJt ^ Llj^Aj Ijj) i 4 <jLa 

pU, ill ^ i,Ull4 ^l-jj^^-Ji JjI ( ^lj-^J) ^3 ^> V 1 t a \ Periscope ^^mj ^ A) 

.(YV-T JiA) Binoculars 




(SljJU ^1) jj^UJt ^JLiit grUmh ftaifclujl ^4 Ji^qj ^ lA^i jj/tiitt flJLitLurl^ 

.100% 43*U£ jl^aJl tjv&all 



\ * * ^ L^-L}j (^jij-sJl Sjujujj) ^LkjUtJt f b^n ^ 4_a^JL* S^Alla L-iij^oJl 




^jSf) jtLa-uJ ^ ^NitJ Sjui^^Jl ^LLi^Jf i^J-i J^J>i SJLiJljjj fbVt ^ 

4^5 ^4 lj_iL__* LJ^tii I^Ljljjj LljljJu dJLfjJ . Lg-lftlj ^^111 ili_G ^ Mir ft e I^Jl tLL£_J_a 

^lluaj Ualc^ < Lu^tl* tjLuiL4 (2lJUIXi tlj^Jl Cjlixta JM->- aJIoIjJ cUul ^LsluJI ua^Sfcjl 

ijLb tL^LstJ ^-pUl iULjiaJJ 5U-jj*JJb 4j^_Ste)l u-* ^H-^ £jL_Ltia_Jl <J±>\ A ^*} * <> 

crjuJl Jo^lJ (J+> <jS\ LuLStl4 IjLuil4 IjJtl* iLJS LulSjuj L> y^JLL) ^^l^J) ^LsulJl 

. *U *ULa jl udtjil Jl^a (TA-Y J_Li) 



\ja a\k i (jyA jjAU (XY) 4^>tl (ab) JJU fU^i Uju^ 

2>it^ (XZ) <b*->h ^jJLi U7t J}** (be) jLt_4l 1_ii*_L4 JJ? mJII J->1-* j uSlj £Lx£l\ 

.(YVT) JS^J* ^ US(cd ) ab^Vl ^ J^Vi la^yi 

^UAJt ^b dtfol SL^tjJi^ . (XZ) ^IJLJl <l^>J* ju£, (j^Vu (XY) J^vt <L^Jl 

OC u3 Ij^tjV) 4j^j ^Ht*- 4 djL-uu4 
^LjljUi ^Lu-4l x jj ^ - t * S^LsJl iDeviation Angle Li»>?tjVt 3b^*3 

a j^jib Lui Jy^j^^ gjlitJj ^UAl^ iaiLuJl 




a = «})! -60+ (82- (fc) 
a = (03 + 62) - ($1 + 02) 
(jLa j\JL*jL2 c ^ b inLjijJt $ 2x bxce t^bjJt JSLAJt bi (jl 

ylS^Ua^ ^ . 180° bl^i bee iiill ^5 (180°- A s ) ^* e ^tjJl 

Gi+(|)2=180 o -(180°-A o ) = A o 



I (jl LiSej (3 -8) ^y* ^JJTitUj 



a = 0 [ + 62- A° 



. (])[ ia^iJi 

jaj) frit) ^bijj Li^njjJLi ^j-^lLU u3lj*JtjVt ii^lj qS JjLu 1 Ma f 

e 1= ^=e o 

1 4^ US (3 - 9) j (3 - 8) oL^MaJi 




A = 29 0 

0 2 

a () =2(t> o -A 



n = 



_ sin (j) 
sin 0 



0 . (j) Jx. ^-^-J^-*— lib 



sin 



n = 









( 3- 10) 


sin 


- 







(ab) (4^jl^ */.h juljI |<J - dllH' 4jJLC.L§ J>Jl_?-^ *Lua_o ^l^. jj uoJU - \ 

^3 *'* U J*-£S ,4Juljl4 3 J u U^SLuj L^Ijuu jl J^-l ^AjL* 

4jLxJLluVL (cd) jjljsJt £LjljjJ1 jji»^_4 .sjl^ i ck^^* u-uLaJt ^fl jtkj* ^ * 

iai&l* I*!* (jl Jbtj *5^<r.tt 4flLs* 5!ibt4 ^ (cd) iLii- (tuujt f*S * (ab) ia^UJl ^bullt 

.Jfjftff iaiJl 3j>u3 jlJbUl jJLl joj 
jl u. 4 (be) ftu jj ,.m tt - X 

4^1 Jjo (abed) ^>jlaJl ^LsL-uJt 

<LLdLil^l (cd) £jL*Jl Mitt JL4 -Y 
(ab) ia^Lj^Ji »,JJl ^jlL*! JjLSj 





%0 






^,0 



















iiLuiLall (AJLoib guLUt OC < A cnl^i ^L^-sJ (3 — 9)« (3 — 8) ^ubUlt 



^ y^J \ jj> iiV>t I iQ^ui I^j Dispersion c>^J I jJlj 



n = 



sin 


f «irf A 1 


\ 2 I 


sin 


'a 1 

1.2 J 





ytj tl ^jJ* 3j iuJU gjl — it)* JaJ I 

, niUr< a>y j>AUt 6h G-^ L*jLu£jI J* Law) I^j^j! ia-iSiM 





1 J^JjQXt ^ik^ 



^AA* uk^J^ o)jJ^ .(j^a^l L^jLuaSLit J^bL4j) Lalj^tj] JS1 jjj^-VI f^^ti £uuii 



' a 0 + A 1 



sin 



n = 



sin 



,2, 



'A* 



i2/ 



« 0 + A 



sin 



sin 



| ' a o+ A ' 




' . oy- A 1 


1 2 ) 




2 , 



I 2 ; 



~ A 

2 



(3-11) 



a 0 +A 
A 





0to= A(n- 1) 


(3-12) 




■■■■■ Dispersive Power ^j^i3\^j^J 1 








.4i>_^l* l^MjIal <_bMI>V Uuj jUuiiV* L_aMI^t IJab £^43 




(a 0 ) r = A(n r - 


1) 




(a fl )b = A (n b 


-1) 














(o 0 )b - (« o) r = A (n b - n) 



(3-13) 



(^j-i^Jt j^AlIl ^3 4_3lj^_il 4j^Ij ij^Su LTU^iJl Jaj-o^L ^jJl) VI »j) It 




(a 0 )„ = A (n - !) 



(3 - 14) 



y y 

(a 0 )t> < (oc 0 ) r i^iij^la (a 0 )y dulS fiLajyijua^l ^^dail j^iiill ibU jLluSjI J^Ljw n J: 



(a 0 ) b - (a 0 ) r _ n b - n r 



(Oto)v 



n y - 1 



< jj\ JLSej 

(3 - 15) 



^k. ukS^U V US * Dispersive Power ^>Lt1 £&jajS\ 3^1 co a 





Jtta-uJl ^-^k, ia^iLuJt itaJij ^ .a^**]^ ^SjiUI ^LauUl^ laiLuJl ^j^xfl ^UAJl (T) 

i n 2 j- 4 ^ ^>»^?i (0^1 

sin 6 
1 1 sine 



^yl^ iaj^LuJt at^Z) ^4 fULU ^ 4*t<A j. ...CHI ^^xU h ^LjljU^ i^LJl w ^j> ^ti frU ,Mt (V) 



I n 2 = 



C^S^jlm^ i^jujulii jLjiiV! J-*L*1 \Sj^^ ^Ji* 3 
n = — 



<^ iajjj^T jjlt^t,! jl f iy t J^Lsua cjj^^ Jju^L^- 1 ^Kcr gj-u^ It JI_wf 4j^jL5 • 

n^intj) = n 2 sin0 




Ay= — 

^3 jLwS^f Sbjlj L^bLfij A^UlS lUdujJl ^ la^i-ui 4j^1j ^ « Sj^sJI Sj^tjjl • 

n = 



~sin<l> c 

• UK J^LiJl gfri-tl 

.Jill ^ISajVI Je g2j Sj^lla l_j1j^J| • 

A = Gi +02 t^Mill j>AUt ^i-lj iyO • 
a = (<j>! +9 2 )-A 

e i=V e o 




sin 



n = 



a 0 + A 





A 1 




sin 








l2j 





. J J r*n U 

a 0 = A(n- 1) 

<a 0 ) b - (a 0 ) r 

.*! ijuivi <_i i jjtii ijjij (a 0 ) r * frUj^Ii J*^* <-i| jjfcit ij^ijfao^^^ 

(a 0 ) b - (a 0 ) r 



«>« = 



(a 0 > 



n y - 1 



♦jwfl^-VI (jjD jji flit I 3^L« jLuiSji JjgIjl* Il r 

• J-flJUS^t £jjjJ JJ UU tl 5^Lo jl f n£ >) J^oLm tly 



£ J) frit I 



^^sJf ^ J^lJuUt Sjuklia l^J JLjl^^J ^jj^j "V 

..jtjjSejVl Jj^fj - 

43 Halt Jy* (jh^ u- 4 t^H^^- 4 ctW^ OftJ 43Luj.Lt crtjuj (!) 

Jjuj 4J^jL5 (<_j) 

4i5MaJl crtaL j^AJU ^3 t£$1jJt £^^0 

U i3^U (^J^ij 5^3 (j) 

> u^Sj Udlc (\ ) 

sin <j) 

.(jUuSiVI 4i^*j 9 tla^iiJi 4j^Ij <f> JIul^-) — ; — — ifunUl ojSj ejjlaJl j^cmSoj Ujkic (Y) 
• Qgt^mjJl ^JJL^J jJlC ^jflLa^^ij 4jjLj ^-l-chJ (j) 



.J^t la^JU jLuiS^Vt J^bw (!) 




,^\Si\ lauutjti jLuiS^V* f>bu» ( v ) 



sin <|> 2 



n,n 2 (.*-) 



n 



0) 



n, 



sin0! n 2 „ 



sin 



n = 



ad- A 





a 0 




sin 







"sin A 



sin 



n = 



ao+ A 



sin A 



0) 



n = 



. ,a 0 +A 



<*0 



a 0 = A (n + 1) = n = A (a 0 - 1) M a c = n (A - 1) (I) 

ao=A(n-l)(i) 

4jjtj5 60° lajyS uJt *bj1j l!oL£ liLi t^dadui_9 ltu J ua aj jttajji tjT l £ - ^ * '"J gljuSi (V) 

2W V2 <*> y M V3 0) 

£L*jj (A) 

• ojLuiSjt 4j^lj CtilS^ 1.5 jLuSLjI 
40° (j) 35° (.*-) 30° ( v ) 20° (1) 

1 4jjU jLmSj) (J^Lm 58.8° jj *■*■*. 1 tljlS iiLa 48.2° ^Luj 

1.85 0) 1-82 (>) 1.63 ( v ) 1.5(1) 





, £± U.„yi )ja jLuiSjI J*Ijls oli 45° ct^l) AujiJJIj t>,„jt Aj^tjJl til 0 *) 

a/2"( a ) 1.7 C*-) 2(u) 1.64 0) 

3°0) 8'C*-) e 0 ^) 5 e (0 

8° <Lui1j ii^lj tiijL? lila 4° jljiiftj A Ac ^LaSLuJl <LSj ■*— ft da-iVI <-aj-*j (3±S j jj ■*-* - 0 V) 

1.6(a) 1-33 C>) 1.4 ( v ) 1.5 0) 




jJl^i! jdlj^: £JljJl J^adJl I 



a \K \ ,.T i ^jljijl ^j^tj^ 




^jij_ti 



4-a JUL4 



Jjls- ^1 JiLtlj JjIjUlII jl ^ Jajl^ f*«- JjI^JJ q\ U_£ . Incompressible IaU tW^yJ 



j Density Sialism 



kg/ 111 3 ^ ^jJl fllaUl ^^33 



V 



(4-1) 

tiajLAJi jl^ii iaLiSJ ilLal (jilDl J^jlsJi j^>^j$ 








3^UI 


kg/nr 




820 








13600 




2700 




1260 




8600 




1000 


cm 


8890 








2600 








19300 




1.29 




910 




0.76 




7900 




1.96 




11400 




1.25 




21400 




0.18 




7830 


I rLotl 


0.090 




1600 




1.25 




1800 




1 A1 


















790 








900 








1040 


fall 






690 





4uJL4 £j)>^ ^j-i o3 3^Ut 



= 3jjU 5...i.^..vti ^liSJLa 



(4-2) 



41ul4 BjI^j- £^?S 3^111 4ijS 



^^-^5 3-iUjJ 2u fHitt 



ji^i**- <iJ^i_^L_tit 4_5tJULJ i(i_kit-%^ ilLJjjui.? ^jA^-) tj^ Jj^i * JZS 4jjlla_Jl 

4jjlLa_Jt Jv 5 ^ 3^UlJ Jb_Cj i^Uaj ^Ujjo^ ^J^^JJ ^L^jJl 4LcLoli ^yfl dULs^jSJl 




Jj> JLjiij tiLa * 1060 kg/m 3 ^1 1040 kg/m 3 cru U ilL^Jl ^ ^5 jlJI iiU£s 

^jJ) bMi- cK 1 ^ J- 1 lk^ 1 tij^ i f ^ Li>L>- <jl ^J^L dili 

jt j-il ^3 erJ) <jj>» ^^-aVl ^isy * 1020 kg/m 3 ^ J>-AJ ^Uudj iiLSJl^ 



(Pressure tlajt^Ji 



(P) lu^Jl (A) 4^Lui-4 bJ^4£ (F) C^Si lil dilil ddL 

(4-3) 

(^^1 3jl?-jJI jji^ i JJlA' ajJLiL* (A) ^l^LulIIj ^j^juJL gjjuL* (F) 

. (N/m 2 ) jj^* jl4/ jjj^jlj ^ iiii^Jt t^j (j^LSj 





jLfl .4_?-Ljjii) SjLjfj 3$-flJt U» .V.lt j^f 

.(Y-i JSLA) 5jliU 






4jJJ jiSjJ tjJtiitl 4-ala5 <ji JLyZ^ * ^lit jtLaj^ JjJizJt ^ ^aij Gl 

,3bttt3lt CJJ> ijXiL tUl ^3 ^^jC Luoi 

r 





t 




jda-ui ^1 Jjl tj v^4<~ ui^d Jj^j-** ^iula-II (0 




1 j^JjQXt 




- 1 - o 



(h)m c (A)m 2 4JLp-Lma p ^ ^ ^ ^ ^jJLiu (P) hi <h h t_jLui_5tl^ 

^>^jJdJucL2S^^LTi Ioa J*ju<(i-i) JS^Jt ^ US p(kg/m 3 ) 4laU£ JjLu, 

(X) J^lil JLc J5I n.tt L^J jSjJ ^yJl Sj^l ul dJjJLi &\ ^SUj 

i(A) 4 tt^ii * (h) 4_cLa3j^ JjL-uJt ^ 4 r ^jj^ ^Luo 

^ i^iLIJI 5j^Jt opj < Incompressible L>Li_^Ml JjLJ ^juc JSLuJl 

i Ahp ^Luij JjLqJ) SiL^ Ah ^Lcu JjLuJI tJiA ft^tj- a' 




F g = Ahpg 



2^ .». 



<2UjibeJl iistC ^ g(m/S 2 ) 



4fl}i*i( J- 4 (X) ^^k. P JjLuJ) laiik qUui ojdic. 



JF Ahpg 
A ~ A 



.-. P = hpg N/m 2 



(4-4) 



< h ^^Jk. ^fi ^loj die JjLuJt <U ^j^j ^jjl hi uait ^ ^JLAj 




U4_2^ h jLa ^^sJl t^* uaJU ^j^-Ji ^^JLitll JjLuJI jdajj jt jLjJLg.yt Ljjl?-I G[_$ 

t 4^MjkJ^ ^ JvAjlZi ^JjLuf Jjiab ^5 Ju^- <jji£J* 

(4-5) 



P=P a + hpg 



*1J^V! iiih ^Uu ^oft -V 
cij^Vt j_iS^j Connecting Vessels (4_a^U; r„l> 

tfgLutA tjjk u^Sj ijt 




JaijlaJt Jua-AjuJ <GjlcL5 jlLc. JL_uJl ii3U -al-aJd -Y 

.O-i JSLi) ^*sJl 3.sbj JLut Jyl^iU 




iu-tJ^il^ eLLl ^JU AD Jj^LaJl jda-uJl <3J_3 h 0 4_cLflJj* JjSjJ^ * C JUC JJLJL^ ^Jj <2ujjl 

.(V-t JSLi) h w AD tfjl^tl g^ajfi ^4 *Ut £SjlIj 

■•P a + Pog h o = P a+ Pw8 h w 
4_aLL£ p w i ilj)Jl 5i_aLL^p ol (j:>AJt Ui.ul i Pg^li^ 

h oPo = h wPw 



" 



5 

pU 



r 

K 

1. 





_ hw 


P w 





(4 -6) 



.slUjJl 4Sli£ 43jJL4 J)Sw4J ^Lil 45ll£ 4jU0j-jjL4Jj 



: Atmospheric Press it re dajukn 



Juju^ t-^ijjjjt jJ-^jLJ! ^tjJL^b Torcelli ^U-^j^j ^13 .U+ ^Ti o**-!^ 

.lu^ 0,76 m 

.^Luij^J ^tj3 i^uL J^5tJ I IjUb 4j-4-tjJ (^U*.^ jUofcJ tjSL^J ^jJt ^ujjj! 




(4 - 7) 



Pa = Pgh 



(0.76 111 ^hUjJI Jy» ^^^c. yj^ JjX. i^^UJl 

0.76 m Hg 

jl/Sj^ iO°C i^-j^ 0.76mHg Ui.Uh <Gb S.T.P djt^jJt laiulaJl Jjbw uS^jlj^ 

.CjtjLaJ* 4jtlbw ale I^JuS gJtai^m til* 

j^t 2uuiL?J* 4Jbt^ 13595 kg/m 3 j^LuJ 0°C ^u^Jl 4_aLL£uV I 



oU* 9.8 m/s 2 



P = 1 Aim = 0,76 x 13595 x 9.81 
= 1.013 x 10 5 N/m 2 




UJ£s .iljL^Uiiil Sjl^J ^ijV* jlaii 
uAl iUta .I^Li^Jl ^jLUb^ -i^tJtJt 

^ flSLst-UU hi <Xtt 1JL£ iJjLa—^ JSjU^ 

jUDt g.;^ 4^ g-JLJb Eustachian Tube 

•0- t JS^). 



.(N/m 2 ) "J^W^J <-»i*3l 

1 Pascal = lN/m 2 
Pa = 1.013 x 10 5 Pascal ^^sJt lai^Jt ^11% 
1 Bar = 10 5 Pascal (10 5 N/m 2 ) s^ISS! "jLj" ^ ^iSl Sj^-j <l US 
Pa = 1.013 Bar jUaI) ^jsJt IxL^Jt ojSj c^Wj 

.Torr j^jL^j! 

1 Torr = 1 mm Hg 
P a (1 Atm) = 760 Torr = 760 mm Hg = 0.76 m Hg = 1.013 Bar 




J > jlLljlo, 4j^j1 ^ Manometer jJU^Iil 

(J& B,A ^JutaiUt I jja 

P = P + pgh A lajL^aJl = B JU£. iaijlaJt 



^ ■ 



A" 



I 

i 




B 



y 

-i^^fcJ i laiZaJl {y* hirAt q£s UaLc (I) 

1 (v ^ -* J^) ci^ 1 k***Jt <> J** P jUJt *M 
P = P a -pgh 

^Afl ^^a (JjLuiJt jtLijjf ^4 ^j-il jJ^jjLair j-aJLitlt g^Jl JjLj-uJi jttaj-u os^j 

(4-8) 



AP = P-P a = pgh 




1 J^JjLliXt ^ik^ 




t jaaJa U pll^iS -SjLc- JL^-^j Jlu-r- ^jjt t^i,^ ^1^2 jlLc lLjl^&j Vjla^ ijjb^iUJ ^JL^. 

^yt^ii ^ jb^tDb j^jJt ^^Sj < Systolic Pressure ^^LZjVI i^juUi 
-^Jj Left Ventricle j-u^VI crjiajJi ^ ^jtfi j-ajuj^ <<_jla_h si.u ^ L> ^iiJu Lajluc JjJl_5cj^ <<d 

♦crul^iJi c^l ^IIIa ^ * Aorta G*Ai) ^j^Vt 
L* Jil ^L^jUL ,^Jl^ <u_a^ ( Diastolic Pressure ^Lu^Vl itaa^aJij 
120 

80 Torr ^Lu^Vt Ui.uti j Torr 

Jit (j^jjlaJt ^4 ^jjjI^JJI 4^-Lu^4 jjSuLa * jLc fcaiuo d^ti et^gJb 3jLjLuJt jUai ^JJU-J - 1 

.(\r-t jsLi) u;,^ ^uiw jUbyt 





2^ $ 5000 kg/m 3 (5 cm x 10 cm x 20 cm) ^Uj) ^L* ^ tU7 ^jt^l* - ^ 

(10 m/s 2 4J^jV» ^Lstll J^l) 

(5 cm x 10 cm) ^Lul 
P = JL = 5 x 10 x 20 x IP' 6 x 5000 x 10 = 1q4 ( N/m 2) 
A 5 x 10 x 10" 4 

(10 cm x 20 cm) ^\^\ 

D F 5 x 10 x 20 x 10" 6 x 5000 x 10 0<nn NT/ 2 
P = — = = 2500 N/m 

A 10x20x 10 4 

< jls-I^ 4j tUl ^LdJjt_j 1000 cm 2 ^^*!! jtaiL* is-Lui-o JLjlS tj| 1030 kg/m 3 <AlaLI£ 
lajLiIaJtj 10 m/s 2 d Jjibelt a i^^-jeJt ctj_^ll LuijJLs ^^tJl ^ cLL) jdiiu 

1.013 x 10 s N/m 2 ^! 



P =P a + pgh 

= 1.013 x 10 5 + 1030 x 10 x 1 

= (1.013 + 0.103) x 10 5 = 1.1 16 x 10 5 N/m 2 

F = Px A= 1.1 16 x 10 5 x 1000 x 10 4 
= 1.116x 10 4 N 




36 

N/m 2 O) Atm («_,) cmHg (i) it 

0.76m.Hg= 1.013 x 10 5 N/m 2 oW^- 

i cmHg cLIjlp-^j (1) 

P = P a + h = 76 + 36 = 1 12 cm Hg 

i (Atm) dt (<_j) 

p^CPcm Hg) = U2 =L474Atm 
T6~ 76 

. N/m 2 tl»ljL>^j (_>) 
P= 1.474 x 1.013 x 10 5 = 1.493 x 10 5 N/m 2 

4JLaUL£) 2ul*£ L^J-a ._u^ <(1000 kg / m 3 ai£LL£) cUb LuJ^ 2cm 2 

grt-iiri £LJ£j! . n,. ^| 5 cm Li^jJ 1 iSj^Ji £>-^ t> (800 kg/m 3 

♦ tliJ^^ ^LXt Jv-U (JitaliLtt grt* ,«tl £££ 



P=P 0 g h o= Pw§ h w 
' Po h o= Pw h w 



^ _ 800 x 5 
w P 1000 

w 



= 4 cm 










L 






i 




A 









i Pascal's Principle J\5J#U *Juc\j* 



Pj * P =P { + hpg h Ji£L dlLsb ^ A JL» 

^j>_^Jf ££J .kULiAj^U JSL_uJt ijLLi ^jljJ J^tjJl 
i A P j^JlL^j ^j^Jb ^t^jjLu S^-iU^ QiuSLlt ^it^cj JjLluJ* jtLixii 

Stag 1 ll £JLA Ju£. * ,U h ?r ■ < A P j)jL-d-4J aj^Ju gJaaall 

.*bV! j^Jj ji JSUj jl^ J] JaiZall alj lila <P =P ( + pgh + AP 




Hydraulic Press ^S^J_^j Ju^li u^^f i JLSU^U 3 o-cLfl ^^Ic ; u ~« 




jJ>j >-uuV1 ^L^J i ^ I kg J^j (v) 
i>*j^l u^UJl ^k. 100 kg £A jJJG 3^ 

1 : 100 ^ a,A 6^uii 4^ gi 





1 j^JjQXt 



♦ laJtuaJl ^JlAJ tfj^JU JjLuJl ^jLL) P jJLSU^Jt pjuSHt ^jU lils 

♦jJuSJl (j^oSUiJ ^Ji-uJl Jtb-uJt JjLuJ* JM>- <UUL P laJusaJt \Jk£> 

A 



P = — = — 



F = Af 



(4 - 9) 



^^jJ^jjul^J) (j^iSUW Mechanical Advantage AjJVt SjuLiJ^ >F 3>£h ^ 

(4~ 10) 



Tl= — = — 

f a 




(100%) ^litl 3^ US: (^Sj JUIbj 



fy i = Fy 2 



y 



(4- II) 



y 

— Laj.lu.UL L^lc jJ-lslUI Usui JSLo fjjjSU.lf JuJVl SjjLoJi q\ (> k- Jjj 

y 2 






JlSLwb 3 julCs otTt mU") 
3 — tSjJ«jJ — ; — $J< 2d_ 



, JlSLuib 3jlcL_5 3jl > r,.H Hydraulic Brake 



.Brake Fluid %u-**$ MjLj j-iJ* flkj mm 

.Master Brake Cylinder a^^aaJi iU^Aft ^f^ta^t 

(*j <£jL_sJl Wheel Cylinder 
111 (<uu |0 * Brake Shoes iUj^Llt 

4i5t»Jl Jalf 5 ^£ L^lil>t 3$2 Llia .Brake Drum 
a i iiiJt 2 L> j iJi ^ Drum Brake 



(W-i JSLi) Disk Brake ^jJi ■ ^ 

lJiS^j dJl£b-t <£lJi ^ tAL^ t Brake Pads J»! ^iJt 

3jUuJt jfl ji 'MjLu, Hydraulic Lift 





1 j^JjQXt ^j1^4 




9 ™ 












^ j-Uju Caterpillar ^iJ^jjL^Jt jLL^t -Y 
(H-i JSoi) JlSU*b SactS 




4-T-l Mi 4 j 100 N tfaJS -^lJlLl jJ^J 10 CHI" j \ * try [» 4 mi ft 4 3 4 £L^Llu_4 (jH^ft-4 

i i jf»^< 10 m/s 2 Ja^j^i SijibJi ibc^ J* lIx^Ll uLa 800 cm 2 jjuSJi <wftLa jL^4 

(j^Sllt aLa^i^j Igjtaj JSUj SUS j-jS* (I) 

I cm jijLi^j .jjuSJi £>*4$tl ^jjfciil j^uaJ* jj^SLLi Mf^*^ Jit-muLl 



a A 
100 



F = 



10 



x 800 = 8 x 10 3 N 





Lit 1 ! 3 J^at^Jt 



m = — = 



t jJuSJi o^SLl 1 2&^^ l^taj (0 

3 x 10 3 
g 10 

F .. A. _ 800 
f a 10 



= 800 kg 



= 80 



fy, = Fy 2 



v 8000 x 1 Qn 

y, = 80 cm 

1 100 





.(kg/m 3 ) L^a^^ ^U* ^ fi^Jt iiX^ t (p) 4aL£)l • 

(P)4k^ aLc WMl • 

.(N/m 2 ) 3b a; 11 dJ 7 1 aL^jjJ I iliL^I mil ^ 3 a^Ji 

.laAjla tl ^u^J l^i (j^Sj JjLlu ^5 Jl^-U ^flil Slit ji*^- * 

0.76 m 4jJ*^_^ 4_£,Lj3jJ ^uJJt ^* ^jj^ jj^, ^^^iiUJi I^ljl-^lJi ^^LSj 

* 0 C Jlc jJU JL>-*a 4 tt^t rr 4 4^Lui^4^ 

.(Torr) mm Hg t \ I0 5 N/m 2 (Bar) jb 3 t (N/m 2 ) Jli-b 



o] 



= P u:,ut t 



p=p a + pgh 

.dJuijjVI ijuibJl disci g '<jS>?=Jl iaiiaJt P a il 





f F 
a A 



f a 

f y = F y 2 ( iS>LsJl ^iVInn yj jj^all 





.jjsuji satis ( v ) ^Qyt ^ jslji ^ (i] 



3juiL5 4j-Lu*^ 



^lia, JLuJt ^yl^. ^u^ll ^JLsJ* JujJi ^Lfl JuC -ij^-^lf dllLl ta&ja JL»I*J 



. Ojjiil J^la (<__>) 
. JUjJt iaib- i f Uin (j) 



2 : 9 M 



81 : 4 0) 



9:20 
4 : 18 i> 
4:81 U> 



1*1 "t 



til -i 



VV 



iSMjJl ^ h (JjLlu j^tab ^Lxoj ij] alt P h^Xtf <jl - \ 

P = P a +pgh 

l jUStiUI j-^l sJISLluL 5d£.Loj U -T 

* tKti 2>2J1 ■ , ' 15 x 10 3 N/m 2 >* Cjj <u ^Ijta^l #lit £LS ^ id H JLS &j -1 

(7.54 x 10 4 N) 8 m Sa&UIl jtaS ytS til & liVl 2a£.la ^ 3 j3jj$ 

j. jr n Ui.-^ti ^igi\i a. 3.039 x 10 5 N/m 2 

iai^Jl CjIj s^j 3jLi jUal J±-b lai^l JL^La 1.013 X 10 5 N/m 2 

(4 Atm) 

4000 N 4jj5 tJz. iSf-=H o^»W* u^i 1000 cm 2 L^l^Lui-* dJU-uJ SjuiU -f 
(4 x 10 4 N/m 2 ) .yi^sJl gli ^ *Ul J"** 

L-r-u^JJi 24 cm i 2 cm L*At^laS ^^J^jj-ia q^oSLo ^ jjuSLfi^ >xiu^ ^ - j£ti -£ 
< ^jLinaJi 0 ^ iC^t Sji^U 3^JLll uju-^I >jJlA1I ^^^£1,1 ^Ll 2000 N L^jIjl^ 3^3 cLjJ^j 
(13.9 N, 144) to ^$Ua 3juliJi dUo^ 





J^Uj ^>5J* hWMl ot 5 1000 kg/m 3 *Ul i^LiS Uk. * 3Atm L^tLS ji& UL*Jl 
(20.673 m) 9.8 m/s 2 - a^bJl ii*^ 1.013 x 10 5 N/m 2 

^jiatJ* ^jliaJ* 76 cmHg ^ J*ytf\ ^1 LJt <Gctji ^j^LujjJU^jli J*-j J-^rti -1 

^jla Jij *^ i^L-tS" jk*a>JU v , m Ma ,200 m u mU £L-i£j< £15 lite 74.15 cmHg 
9.8m/s 2 aiiibJt ai^c Ule 13600 kg/m 3 ^^Ji isLK ^ lit t^iltalt 
(L258 kg/ra3) 

^ju ^LiJjVl i 3 J -a fits .^j*^-^* jLc. 4j ^jJLmmu Tj ^jjj ^^1^ ^jJLstj jJLa^jLa -V 
4l*^ 1.013 x 10 5 N/m 2 JjUj Uki <N/m 2 tfO^J 1jJLL4 ^^j-stl I 

(0.3332 x 10 5 N/m 2 , 1.3462 x 105 N/m 2 ) 




.Hydrodynamics SSjaeUt ^b- 1 1^! %&*«Jl jil>tt imtj-* cv* t#< J>«Ii 



i Steady Flow ^ jl^jl ^bj-uJ* 



(^U-uuVt) ^ Laminar Flow u a *t^h pL^uJl^ -^^h^! ^W-" 1 *i Lib^* 
^ ^Ui 1,1a * Steady Flow^SJLud* 3I Streamline Flow c^UJt 6kj-^ ! 

ic^c^j (lurjj SuJit^Iat 2 ua^ > 4i^il ^ JjLuJi oLij^ jj^J U^aj ^L^l 'Aa ^jc^ < Streamline 
^5 -0 -fl) JlAll ^3 US 1 JjLJi Jiijlu^ jJL < Streamlines v U^Yl AyU> ^> 

\Jl$}$ 2U*\\l lLLG JujL JjLmJ* jLjuu ^LCjyu (^jLlujVI la^lai- isLl5) 4luw JllC GL^LuIl 3jl?-^j 




Streamlines ^u^Vi la^L^ 




A \ 




.(^4jJi J£ Sl£l JjLjJi L_k^^L V Steady Flow ^l^li okj^^ 

.Vortex Flow i^UI^ V <aV! ^1 Irrotational jl^-s ^ uWj^ 1 " T 
• Nonviscous JjL^Ji iLLaJa lhj dJK^l ^^5 jl^* V -t 




i ' < ^L^Jt (jbj^-uJi J^stJu en*- 4 Jl.?- 0h 
Turbulent Flow ^Luk* ^Jj 



(ji^dj l^j 5t_j^ ,(T-6 JSUl) Vortices 

(Y-fl JSji) 4±4tjj 4^p- dljjtL 4jLs J51 



2ljjt^»IL*i¥l ^bL4J JUj^I J JUL4 



iiia^j Flow Tube j^Lu 

,UUj 4j>xJ^H JjLJt ^Uj -1 
JjLuJt 4ju»SJ 4j^Luuo L^x^jta Jl3»\ JlIc 4j^_uV1 Ji-Jb ^yLM JjLuJl iy^Sj^Sj -Y 

ii_JjJ JL_^J^ .^^jJt £A 2b^uV) dLaJLj JjLuJf ^jbj-tj i_Cjj_u jhjJlB V 

.Continuity Equation 4jjt ; .^VI 




1 J^JjQXt ^Jl^4 




JjLuJi illSu^j US .A, jtailt die 

^I^liS ^jJt^ j^»jJl ^ c_iLjiU1 

JUW* ♦ Q m = P Q v = pA t y x jut 
= 0 p Q v = p A 2 v 2 4^ a_9-l_^iil 

^CSJI , ,„',Vt J,t, . (jV t jlai 3 



P A 1 V I = P A 2 V 2 
A l V l= A 2 V 2 



(5-1) 





_ A 2 




A, 



(5-2) 



2L»»I fii 4 (jj&j Ladle 4ij^uVt ^ Jud_ai n ujLuJLj JSLuJLfl * A^na ill tilt die 4jj-uVI gbta 4 

2bj1 jJtlmVl 4_f-ili-4 ^ dtj 




^ iiSLh t Am <LLs 5j-jjLuo 
, AV ol = A — ^ Am = pAV ol 
4 II in tl Ax } A l Ax l 
At 

oj ^ j dLJjL-j^ i Axj=VjAt tj\ 
(wtli IdA ^iiiu < AV ol = AjVjAt 

Q v ^jt_> l-jI 1 J>t 14 J_jLuJJ l-jI* i.n\yt J, w 4 4jt ^,le Ua JulSLU! uj ^ t A2V 2 At 
.jliia i?-Luuj ^ iiulj jidi* Ua5^ (kg/s) iid?-^ Q m ^^HS^Li^i Jd« (m 3 /s) <Gd*-^ 
+ 4jj*>4l^Vi 4J^Ul4 ^i^j jjJi^ Conservation of Mass aIISJ) ^5 



4J jlj^^JUJlVl 4j^Uj« (jjLjl 




.Bernoulli's Effect ^JAtf 3^11^ , 





J 



4j^_4jjt 4 i r^Vf ^ 2l1jU asii mi ^> Circulatory System ^j^jJi fLtaUl 

5*jJl <_dlh .(A-0 JSLi) 4ajl5jlT) * £J1 c^i^-iJl JLo * iiilitl I 

iijLijJl ^ ^a-u 70 Jjljmj 8.33xl0" 5 m 3 /s $\ 2&jjSaJl ^ jJLJ 5 julaj ^ £Jl 

^ 5ula-u 180 JjbL^i) ^ jJtf 25 JLt^aJt J Jul* Jxsaj ol^ oLIjlU <j3 

i i±u ^jJt^ Aorta ^jkj^Vi ^ ^jlI* ^ju ixj-ui ^ n. ^jj .jjtJJt iaL^UJl (2 3 i frjJt 
Cj» j jjtAJl lil^ .QMmi 26,5 cm/s ^jJt it ^ jlssj LULa 2cm * J**l 

.(?4£, j^Jt <j£2 GUa) 0.25 m 2 ^Luu 4**!^ L^ata!* 4^Lu^ Jts Capillaries 



0 2 

4 jUujJi 



4 




*(5-l) ^jij^u-uiVt itabw ^5 , ^IjjUi ^laS tji$ ~m Ca -i* Contract l> al51j Uju*, 
Relax i j^SiJ^ .dLIi ^ y * " * 431^ *.ti ^3 jjjj ^ jJ* 

*fjJ\ dkj-"* pSaa-Ul ^LLtb Jij^ * Hardening of the Arteries ctfjIj-iJl <_JLuaJ y i mj 

^ La* 4jlCjVI $j<j& jlaS JjOJ 4ja-4jJl djutaVf i^Lc ^jj^yfcjJl l-l^u^j .iLpjl jjj* 

^u>* L^ft 2lj^jjJI ^Jj t^J^ *(*jJl ^j^jcl^4 ,i fill dt-^l-v ^$£1$ ^jJl ixLsti 2lJ1 4 i >) 
4c ^ lit 4jt V| ; bJbsffil <uU aJLjjV 4j^1 o^>^ 1 .Angina 
jjc) uij Platelettes gdl LiaJI ^jJi ejUaSL* ^i^i -*-^*>J ^] l^I^ * * ^^Vt 





^ Cuff I^Uj (> O-^ JS^i) j^ajU* 1> Sphygmomanometer ^oft 
jilf Hand Pump 4jjJu 3 i iflb f-* ^ .^^lA* ukL Air Bag ci^a> j^l? JSLi 

^jl^li ^juuSLtl ,^4 i^tl '(jt^-^J jIa^La ^1. tVliub Qii^SJl ^,3 ili-juaJt U^^i .Qii^SJj 

4£,U-uj {VlV Ljuj -Brachial Artery ^JLiajJt ob>iJi UtisJ ^jJi ub>m ' 

jjjuoSLfi U > ^ fj^kbu ££i ^ q[jj^uJ\ iUijL 3ji JVju-mMJ Stethoscope ^k! 1 





ulj G^-^ ufuj U* Turbulent Flow 

* * >f^4 jJL*$jU1 ^Ll l^Vi^tt 3ci>9 JLBjll ^iiudJ 

* Systolic Pressure ^LJuX\ laiylail »h 

1 4l-uj * 120mmHg ^ L» t j J)l f«\yi ^ 

Cjj) <nti Jtij ^tj^Jt ^n^SJi ^ *Mi JJL 

^1 uljU ^J] ^ Cl 4 mil 1 Crj <1 m 4 

L> ^SJi ^ iai ^Jt (Diastolic Pressure 

■Ibi/Mi uiS fit*. * SOmmHg ^Jt>^ a,4j.gj .Rest (Relaxation) >Lui1 3 

u^mj jlSa . Hypertension Uiu ^ \W* ^ ^jUj ^itjjli JLa ISOmmHg ^sUiiV* 
. Stroke i^Ujdl ilSLuJi ^Jl Lw jtlt cjul j-i ^ jkS <i$j^- dUi 

fdll hi ^ JLl LkJ dJi 90mmHg ^ ^L^Vi jIj iij Ul 



Pumps Cil^uim 




Jjf>L4 U frGt ^ laJL^s Jiii Vacuum Pump 
iijji s v .^h .Oil Seal $\ O-ring iLjalla* 



* jJLJt J* JL* MjLuj jjjU taJLuaJl juJm Force Pump 

Jf^oli fU«» jLu<ljJ* ^rlj Piston ^-iSLli ^^Ju Reciprocating Pump 
!>U_^ i In take valve J^jJI fUu* giaui <0 *-0 JSLA) 

-0 ^ -6 J^) ^ 4^ VLL* , ,15H joIju^ ^1 JSLJl ^ ©t^i jflju^ * Outlet Valve 

<(\ V-0 JS-i) Circulating Pump Sjt^jJi CjL^aIi ^ uq &\ bejiali ^ fjj jlj^j 

^jUtli ttj^Ji ^1 JjUJi j^tua * Blades ^So^Jt j^jlJ * Centrifugal Pump Sijlta 

.Vacuum Cleaner iu^SJt i^ii LiLte 



(a) 




(b) 






1 J^JjQXt ^ik^ 



Lk^L^ gri i^j (tu < 0. 1 m/s cU.) obj-" 2 Cm Li^ka-l sLla dJ^-Ljl Js-Jb - 1 

, . 1 cm 
(1000 kg/m 3 = *U' 431^^15 lit) 



AiV 1= A 2 v 2 (jl^UiO) 



7C (0.01m) 2 (0.1 m/s) = n (0.005m) 2 v 2 

K X 10 4 x0.1 A . . 

v, = = 0.4m/s 

2 k x 2.5 x 10 5 

Q v = A, v |3 1 A 2 v 2 
= 71 x 10 4 x 0.1 3 \ n x 2.5 x 10 5 x 0.4 

- 3.14 x 10 5 m 3 /s 

V o] = Qx 60 = 3.14 x 10 5 x 60 = 188.4 x 10" 5 m 3 /min 

(1000 kg/m 3 = *Ui fcUS) SLSJt Ja« 

PQ v = pA 1 v 1 =pA 2 v 2 

= 3.14x 10" 5 x 10 3 = 3.14x 10" 2 kg/s 

m'= 3.14 x 10 5 x 10 3 x 60 = 1.884 kg/min 
£_ T & 0.7 cm = a^Lifl (Juuaj jJb j *-t ^^Laj^v* ^ j*jJl ^jlU ^ \ j-«Jl "Y 
L^Li JS^taS uk^-Lj) Ljui^Alf j*yA ^jlc <J*jfo* o*3 t033 m/s 

• Ujls ^jJi ^ ujum-^l^ 30 Xi.Lu.ujis crui ^jUt ^IS 6La (0,35 cm 



r 




A, = jc r 2 = 71 (0.007) 2 m 2 ^ 
A 2 =7ir 2 x30 cstotfJ' J ^ u *H^ t iwb-"^ 1 jk* - i*»Lti,L4 
= n (0.0035) 2 x 30 m 2 
A, v, = A 2 v 2 

n (0.007) 2 (0.33) = n (0.0035) 2 (30) v 2 

4 x 0-33 =0 Q44m/s 
2 30 

,»jjt 4£ja* oi^j ^UJUj i 0.044 m/s ^luo <Uaiu3jJI (^otj-uJi ^ fdJ( 2lc.jj* ^1 
cnje-u^SVI i£jL& JiLu Cal ilnf Jj^-L?- jtjJu ^aJl . 1 Jl> 3 jjJlus 2u$_4jj1 Cjt^jLsuSJt 



Viscosity ^jjJtfi 



* ^jJLj L4j» 4^3^* cj^ 4 ^'j- 1 ! 

Stt-tylj (jJ^-ui^LLst) I Jj^ L*^-^ >-*-^1 ^3 ±-U*lJ$ J^jftSJl \lxJL4 L*j3t^ Lfl *4 5H 

JS ^j-^Aj^ JSLmJi J)-* 3^"^' 2>-^ *(Jtf-^*t ^L-uiJt i_Sj_?- u$£j (^UjLijJI 




>>>JU1 jjl^tl ^3*. ^ j»« J ^LuQJI Sjl^i 
. j^lS) S^jlS cLit j** ^3 3Jj_£*-^ OjJiLJ ^L-uJt ^Iji-J JLaj L_k^jj <Jj_uaJt -i i 

^LUt^ ^Ub 4l±£fl /jpI^- J^VI jLjitl I bi^jj t^gLjIa ^lISUuL* JjjjLit* jl^-Ij -T 
. jLitl t £L§ ^Jj J-w^jsJ 4j^4i/n1 ^jJt ^3^* 'leD'"^? 1 ^ ^ l£>^* 





I g i fx T I T 4 l f 11 I t b ^JjJLl JoLluJ 1 Cj) il lip (u 




^jju^ .4) 4d JjL^JI 5 a jUj fiitl ^JJ jfjp mil grt-^fntt cru ilJlSLL^-l ^jJa 0) 

♦ ^^lxh 4£^m c >*ilj JjUJJ Lixlt iixtaJi dJ^tlJ l-llmJI 
^yll^ 4 j 1 to jJS cru 4_c^j_uJf ^ u ji \ 41c 1 Mi'u ifj^jLi I^^aj (jVjjt 4^9-*^ 

gJJUl ubj^* Laminar Flow ob^uJi 6L*>"J* t> ^ 

dJl£b*J ^ i4^Li* J$J^ 4^ 4^ SUyaliJt dLG 4^ i^jjtft^ .VisCOUS Flow 



Av 
d 

(5-3) 



oc 



_ Av 
F = 77 — 

'vs d 



J-^Ijl4J ufljju^ i_ju-uIIUI JjjLj IJ 4 



VS 



_ Fd _F_ 

^ vs Av " Av/d 



(5-4) 



t 4^ L& 4*>$yi3\ J^Lsla iJajjju 45^tjtJl £Jl&i (jSL^i^ 

N s/m 2 ^1 kg/ms 4jjl?^ 



ijvjjJJl wLu^LiJ GI^lulL^j 



t ft^St U4jjl 4-lU^1 ^iuJ- ^S-V *2l5_J iuJJtll CjWI ^-4£p ^ flj^ /nl ^»-ULJ 

, jsuii arst 4ju^ -t 
♦Cu_*jlli ^3 ^r$j^ ss^a ^tjitliut Ctii5 L1& dill! 

/y> Jl^JLuulLU 4)Vl <Ujlu ^jlJi JiuUl <jLa -j;^ l^lc^-n 3jL_wJl jlo LaJuc 

4^^u JL4 b-ljia uju^LxjIJ ^Ij-^Jt 4-T-^}J 4^ i-SfcJljJl a, <U_3 5_S j >_StIii ^LuiL-T-^U *1j^Jl 4_4^Lfl_4 

V slju&Jl Su^LLa oLa lhjl* jl^ ^ 3jLx-uJt Zlcj-l* -it.ajj Ladlc^ <<UivLi- iS^tlll ^Lut^-Vt 

l^>^ u^ju jiLu l^ila JjLui j-^ m iao^Lui dl£, 4jI ^IslII ^ 

4^JJ <iL5tj_]u ^i^V JjLjjJI L^Ixj dllil^Vi 3^_5^ L^J <JjLuJi 3^4^ J^t r»V 

4jLu^V) * JLUj J-^-Lti 4-Jbt3 ,V Lij-i-ila ,*aJ» JL? lit 4i jju* ^-^LlU 









c 
















A 


u 






D 






! 








i 










F, 








t 







cIjhojJI ^jJI s^jij^J juuluSj tliJbtj 4jJ ! & h» ^1 utMi JjjlU ^yz, t j 1 mjjJJI S^j^u Jit 7 q LuajuVb 



Syphon ^jAjtmtl 3j-fcLii 

4^Lii^ JjLJt jJij^ JjLuj ^ j^"^* 
jj-A iL^iiij 0 JSLA) Ji ul ^Jl ^ij L 

^ Jj^JuJl JbUAjft JailAu ^ lU'iU 1 1 ^LLitlojb 

£jlith kfgj .(cnjw ^LijjV) 4jtLilkit 

iSyphoil y^jLuJt SjHfcLEiM ooa ^4 H.lj 
^JLcV JjLu}^Ji J)SLqj Cui^tj i(\ i - 6 JSLi) SlLiiLfaH ^ alb 

CjIIj}^ Jaj^ Surface Tension J* JUSJl Llaj) JJilj^Jt 

X^y u^\\ QJ— JJ ij\ o^w*J ^UL-Sl *°i o^^J i-JjI^J (jjjuOJ 

JUM lit j^stiLu ^Lfi ^^Umt) ■ 1 ATt j j^^jLit!! .hi^l) j>» L^i^b 
^ Capillarity ^j^jl-^JI dj^Li^ Ll^l Jj*>-uJ* o^ j >^" o- 4 ^ *uj*>^* 

*iU*) ^j-^iltj a\ CjLUt ^^Imij A^stj ^Capillaries 2bj.*.AH itii^vi ^ ^U* tLLUl 

,4jjJjJ| ^jj^VI ^Jl J-wlJ^ 4jjJJl ^ (4JJL3L4 ^jusLlC ^Jj- 4 W 




J 








t JLuaLaVt (u^LoXlj cJujUuif x ¥ji * 

.^Qoj bJL^ 'MSLi j^U L_jL^yJ 2h\A 3^U J£ . ^Ul • 

,UUj 4j>xjV* JjLuJI ^Uj 0) 

^U) (JjLjJI Sjl^SJ 4j^L-u-4 L&^jia J^-i JuL^ Sj^uVI Ji^Jb ^^1)1 JjL-uJt 4xj*£ U^J 

L^lc jlIIj CiL^-LutLt 3^5^11 2U-ml «JL1 3jJLh ^> i J*cL*_4 • 

J^L*_4 .3 Jj>-jJ) La^Lul 4jij__*j_sJl 4^Lu4.t JjLuJt ^ t^uLaja 3jL?-jJt djtJuLa ic^jjJi 

kgm'V ^sjAJl 

Q = Av 4>JJl 3jl^ ^ A a^LlulU J!^ v 5^ ujLuilLt JjLoJ) • 

A. V = A V t ^ 4Jj* j^LujYI ibbm • 

Fd 

J Av ^ 



.i^tUtj 4l£LuJt f^tllA^lt £ru 4k* Lilt 4^Ludf d <4£>?&21i 4aJaJ1 






til 2u^jjVi JMi* cUi 4-£r ^ t-juji^l 0:002 m 3 /s c*j13 Jojl^j 2uJLai J$ *L* l£>uaj - 1 
(20 m/s) 1 cm 2 L^Ua« i^U^ JIS 

lil L^Ia^ jla^ i-moi 3 m/s icj^uij 1.2 cm U> ^l^a uiu h ^ JMi- jw<u -T 
(0.4 cm) 27 m/s L^L* ^ JUIS 

^1^5 * ^ ' * * jL? liLa 0.1mm L^La J^^laJi * k^Aj *j x * ui 80 ^Jk > * £a Li ^ * « uj JjLjj_i -T 
J£^3 4-c L-i+a-^l 0.044 m/s 4j ^oJ) uW>-" i-tj-u^ 0.035 cm jbj-iJt 

(0.0067 m/s) 3 jjjui 

^^LuU B ^JL* 4la^J JLl£. 4 10 Cm 2 ^^LuaJ A JL* 4LaJlJ JuC 4j_9_u1 glfl ^ A 5l^Luju4 -t 

(60 m/s) B ok. 4Ll j-uj <-^u&\ 12 m/s ^Uuj A jlIc *Ui 4^ ^ tils 2 cm 2 

elil 4_cj^lu CuLSj * 4 x 10" 4 m 2 ^-ajVl ^LL^M Jj^jlS oL^o 2b>-ui gta 2 4 X-p-Lu*-* -0 
2 x 10 4 4jL^_U) i j » t^* a 5 , j> " tluL^tj 4j^_LiSft j ■ ^ " L4>_ll£l 2m/s 
(4 m/s) ^jitaJt ^ *LU l-jLl^i v-^ *+t 




o. 

o- 




6 ^ 

cr 9 o 
Q. o cr q 



•o 



d 



(JiAISl J$\ (^..LlUSLluI CjLo pJLc) Brown u^S it i4JLi^ iS>*Ib cij^u 
. ijut^Ac iSj^ ^ UjI-s jj^Su cU* iiLall ^Liill ^^j^- ol ^UYV ^Lc 







* us 

JLJj^l£ ^^r^ 4 jL-LJ&-4 (3^-3 A ^ ^CVj j a LAI ft jUu ULlLft SjL±hc-A Ljjls-I lij 

^1 - J31 -j^LiJJ) CjIIj^jv ^m. Tm .^^laJl jLjJJ, I bl^JJ 4j11j^ 




1 £jSj\2X) 



4jV aJLflJLd Ld j lit ^J^j^eJt ^pLiit fjj^ ^Ul ujjLs&UI gi J^ll ^ £Uju> I 




B 




(r - » jsli 



jLJJi ^ * ^ (^ju ^ a!^ *Jl -T 





1 4j^Lj ^tc. i-i-isi 3Jl^L§ <^JL£- tlt-LjLd ^^ulj [*uL5 ^JuljjjjVJ J^stJ^ 

J_jta ^JUi (B) 4j$_jjV1^ . L4L4J LjuujI^ ^uLdJl i ^ 7k> ,„tj t /^SLoJ Stj^e_4 

^jlj- J^uji ^1 ^ ^ -1 (B) 4j^-i_jVI dJbj^stJ (A) j^-iLua J-Lij - \ 

JSLi) 1 * jlc (A) ^ "' 

.^JU^jLJl I&a-ujl^j 4ijuu P a cm Hg (jj^Jt hWMl ^Lua Pj oSjJ^ 

JS-i) ?2 = + h £A ^^tl 1 d^J^ iiiu^ JuJu^j .h o^jJ^ /^JlL^uVI 

.AjuoSLti fjjtJijj P3 , (V 0 i)3 j^jju^ 4^udl« 45Lit4 
Jli (B) 4jj^ljVI ^ ^i-T* ^L*- JJl^uI (B) 4j3_jJVI d|>?tj -0 

^d^M ^L^jjV* h cjl^ * P 4 = P a - P 4 (V ol ) 4 

.SjLdjSJl Q^iuj P 5 , (V 0 j) 5 JL>^J_J l£>^' ^L*-u^ 




1 £jSj\2X) 



^3 




L yuj9[^\ J rnftTl 3jlj-^Jt ^ 01 1 3 JLx jl I 

V ol jLill 4JuUj 21yuL pu*jJ ~ v 

JoJulaJI i^jjJJL^ ( ^uiijj* j>Jtl I j^i^ ^LL*4 



p 



1 

v ol oc "5" 



i^-j^ ^J-H j ^ l£ - 4lsii_i^ £4 Vi m^r Lj_ujL1j L-iiullIs jUc. ^Lat-4 jt JLa_4 

const 



31 rfl 



Vol- 



P V ol = const 



(6-1) 



IjIjlL* jli. {yA <u.ut* «lx,4^J PV Q | i_>^aJi J^£>L>- oi^J SjljjJl *— >>u ale 



33 r 



i 



CO, 



5 iill5t4 




^1 2cm AlyLa V JSLi ^^J^l i-j^tj JSLA 4:r iii ^LiliL* 4jl?-L*-j <U-4 

t lIuIj t^iiA j Lit ^ JLoJLlI J^Lm 

lit 0°C jLJlJI ^a y gasJT I 3jl-»-3 S^LjJJl jf JL-S 4 ^» 

J-4jJLj 4J ^a^J^ »LIjLj I *^ cULj ^3^-* 4_^j-l L^jjIjJ- " tattUjl 

(oc v ) 



Ajj 1 111 <Lf^_Jl ■ 



it 



^SjJ^ <(IV"1) JSLSJb Jjult JjLfii jI^jv 
c * i ^ aJI Lgj -Lgj^ ^ Jl^i 4iii_4 1mm ^J*^ 



^jfj^c^) JU_bej L_3M_iJl ^Lo^ 




1 £jSj\2X) 



^3 




iyuoJI Ojy JU£ Ojl^l *«>jJb f*J-\ 



4jV t^lij (V 0 j)q- c <L*^_sJ LluUlL^ JLSfcJj (^jJl ^j^-rtl * ^I^Jl :j4f J^ta ^LdJ - Y 
J^jla ^Uu£ i 100 C (j^^L_rtl I d^Jl £j*>*" J-f-^i 4j^- ii-j_uLl4 3jl4 jltkliVl 



1 




273 



- *l) JSLlo (B) i (A) j^;* * j tZali 2u>h' 3j>1 juixj b^ju^ bj>-L?-j 

^JlIuluJI ^3 ^bttuj ^>^J-mJ ^LujUl4 4Jl*£ ^^b^ 4j^jjVI (ji ii^-Mi *(V 

^^el ( ^I^Jl t^in^ 4jjSLj ^liJAJ ,(Y) < (X) Jjl£l 3 ^yiai ^^Ljl4 ^ (B) <(A) 

JS-i) t^C ci^^Jt fjL^ ^sju (ij hin^lT l^LuU ^j^jlT* 




J 




<*■) 



M 



(V - 1)J£& 



0) 




1 J^JjQXt ^ik^ 



.(ujV-1 JSLi) (B) 2u*Ah ^ ^ii^j Ulu i(A) iutAl) ^ ^Li^iVI ^ IjLu 
(X) Su^JtJl (A) 4xajiJ) ^3 ^ij^JI ^tLa-uj .i^JLj j-^ill ^fl ^-HJ 1 ^ * ~Y 

.(tj C) yfe^ <U^«*- £4 (tj C) ^ ijSJi 1 -^ ^ (j^>L^i I (4J5c^- ^UiOJ 4^1^- 

,(>v-i jsLi) h (cm Hg) ^Luj jIj^j t 2 °C t^C <> Sjtj^Ji 

*SjljJtlt ^"J- 1 ^L^jLj ^I^J jLill ^3e_?- J2j^oj jlLc - \ 

JjjlojjI li! jlJL-ill (JmuJlu aallssl I iLljUtll 4jjLluI1,1 ia^JLuaJt -ll-ip {CStJtJ I ljjjj JLlC - V 



ij^b US l^jk Jfi. joaUj .(At e C) 4>jJ ^UjjVI C4 i£U^Sj '(Po°C ) ^"J- 5 

AP oc P 0 0 c At0c 
AP = p P P 0 = c At°C 



AP 



P c0c ;Al°C 



(3-6) 




r<i $ a i/jjJ-^jLfl JyxJj^j ^Jjl 4- u l l ^_9 ib^La (B) 4j ^> t A J i^i 7 j 

Jn-v7jj .^j^rt^ jju)L_u^j ^jlr- J^j^ ijJisi 3julL5 Laj^ju iZj_La SjluuIj i^^J 

^ La I CL^i ^* '" 7 jd. 4j^j_j1j ^ItaXl ^a 4j^_oi 4^1jjj (B) 4J^JLilJ^ <bj*-LjY! 

^Ul ^ Ji_^i 3 \ tJ\ LS^-adJ aLL_§ (C) 3 .(C) 

• is»-jJJl SJLfc 4ltLo ir-jJua S^^tij^a JL^-^J^ ,4JLuiljJt 

1 



— (A) ^jJLuill Ji-Jb - V 



^3 LuIj <Cu4 u a i 7 T.I c>*Jl (*?-^ J^ajJ Li-uj 




1 £jSj\2X) 



vL3 



infill ^jlltl yuatl 



^jL> (C) <j-aJLitJl ^jJtl! ^ LLuj * ^ uaj ^La 4j ^ (A) ^^JLuiXl j-*Ju - Y 

^1 ^ ^jJJI Jtkuu, jJu^j JL-i ^JJ (C) ^LiJl J^Jtll -0 

^^Jl liiuaJt ^Luij *(P) ^jSjJ^ jjj^j-ftt 1 <:I^J) ^* ^ ^jLstj dlJi .(h) 

.(h) £ttj/!T! ^ £>ff 4jJt LaL^L» (cm Hg) 

^ujJt gta-ui j-flj^J iJ\ ( C ) ^Jj^j («3 * 90C° ^l>^ ^1 <*jjt>a* 

♦ AJLrtll £JLA ^-3 (juppcl I cl^J 1 iajbua u-u-iA5tJ dJLfi ^JJjJl ^^.'U 

* ' Cjji J£ 4^.11^-4 3 j CjL>-j^ JLlC Citjw4 ^jLdLuJl J^aII Jj£j - V 

4^3 S-iU^Jt J_*bu4 u 




1 



273 



Cigoj J lg gil ta^cA 3^bj J^La-a (jl U**& Ji3a 



i 



273 



3j*j^5tJ^ 4_^j^5 ^^IjJl jJbJti I 4jJ-C MJlA4 JjJJ *LLjUlJ 4.5 \ ( ^ Ui J UuSL^j 

^ZjL^-j^ J^^J JL ^-* 1 ^ < / (i 1 ^Ll ^ 7 Mill laid) toA . - ^) JSLiJt 




50 100 ISO 2IHI 



tdC tiooC 




sua JjlUj^ iJ^r 3W-^ ^>?i Lj-^- Hl^s* jjUuJb 4jLtJU^Vl ^SUj 

(-273°C) Jut >Vi >a 

p 





















** 








c 




E 



t°C 



-273 



toC tt»C 



^LJLa ^^Jn 3jljL3tJl ifj-j^ .^LUll jUJi t^* .A j |«e_?- Laju£. £j\j^\ 




\ 



ij^j^ JU^4il Iaj^^j Y - 1) JSLijOl - "OJSLfii UaJLiuj?^ 3 ottadl SjIjnjJI 



V 0 i 




OK 




T - 1 JSLi' 



»jk>Xs> iltkil Sjl ^>j-U iaj-iaJI aJ*>U 



0°Kjjl^i (-273°C) 
273°K JjLy 0°C 
373°K JjliS 100°C 

(6-5) 



T(°K) = 273 + t(°C) 



J 



i( daJi^ai V) 4^ >*"J JjLi >*1^ iSj^ 



ADE , ABC t^AliHt 4jLSJ 

BC = (V ol ), 
DE = (V ol ) 2 



AC = T 
AE = T\ 



i 



Vol - T 

Vol = const 
T 



• (Vol)! 


(Vol) 2 




T 2 



(6-6) 



« JjLi Jj^jLiJ 4JkJLu* tfJLfc^ JJJjJb ^1^- 

4^ J>j-^tJi JiilUt <ULiJ 4^J>t3 L >itilj^ 0 * - JSLmJLj 4jLatJLmVbj-Y 



p, 


_ p 2 




T 2 



(6-7) 



P 

— = const 
T 



P <*= T tojSLjdLfjuj 
U « 1 1 ^jajLo] t£>»-l 4aJlu> dJLfej gJjJu ^If. <bj(j^»- 




t^yb iijijLALt ^UJl (j^iLiJl ^lIILuot o^^tJ^ 



Sjl j^tll Jj^-U JLlC 



V 



ol 



P 



Vol « T 

V ol .I 

V 0 i = const X — 
P 

eL= const 



P,(V ol ) l _ P 2 (V ol ) 2 



(6-8) 



450 cnr c^Hj^ 
(V 0 i)i T, 



(V 0 i) 2 
450 



>J — *tn 



273 



(V o] ) 2 273 + 91 



(V ol ) 2 =^ 5 || 61 = 6<'0 erf 



4_«t^- uj^j fttSi 293 C ^yJt 10C ^ q^jj- 1 1 4^ ' ^ ^ 1 o**-^ 




1 J^JjQXt ^ikd 



^3 



(Vol)! T, 
' T 2 



(V 0 l) 2 
500 



273 + 10 



C V oi>2 273 + 293 

„, , 500x566 in __ 3 . 
( v oi)2 = — — — = 1000 cm 3 = 1 liter 

130°C jdc 4W>i,rt Ui 59.8cmHg 26°C ^ jLc talu* £l£ tit -T 

P 2 T 2 
59.8 273 + 26 



P 2 273 + 130 

D 59.8x403 „ 
P, = = 80.6 cmHe 

2 299 

ajjii Lo-se-?- 60cmHg ki^cj^ 27 C 4j>-jj ^ JiAj jLc. ^ jl jJLa - 1 

?(S.T.P)5jljjeIl u»,uti Ja« <uses- ojS-i 380 cm 3 

n 



273°K jl 3ji^ ^ ^j 76 cmHg iaii i*i (S.T.P) 

Pi(Vqi)i , _ P2(Voi) 2 
T, To 



1 , A 2 

60X380 76x(V 0 i) 2 



300 



273 



(Vol); 



60 X 380 X 273 ™ 3 
= = 273 cm 



76 X 300 





<UlLi ji^ll liiulajl oi^J L^juii 15 liters jLL jIjJL* -6 

jil^Ji UiuM i oi^Lj L4JlLc 10 liters <U^e_r- ^ i , Lc ^ jlai^ 12 cmHg 

cUj! 4LIj oijlitl 3jl ^-j-i ^ilS 1^1^ i 5 liters 4Llu. JiiL* Ixu^ SOcmHg 



5 liters ij\ ^LiVl 4xa* laliJl JLau JjlAj JjJjUJI ^ JS 
t 4jjpLdJ) 3 ' la-lit)* JLau ^J^a^jjJJl jli U^,^ ^bcjV 

PV ol = Pj (V ol ), 
12 x 15 = Pj x5 
Pj= 36 cmHg 

PV„i = P 2 (V o] )2 



P =1^ = 100 cmHg 



ijLa U4I ^jjlj^-?^ j^* L '^^ f^-^se-* ^L*J ,jj;Lc- ia^liw q\ L^j* 

P = P j + P 2 = 36 + 100 = 136 cm Hg 




1 j^JjQXt ^ik^ 



i 2lu4jLu*vi (^luij ui^uirt- \ 

— i — jl jlLoj jLc ^ oi-*- 4 j*^- 4 i*?^ -*1a>J JaA-i^il Cj^-u ju£. « JjLi u^jLS • 

273 

.CuIj iajui JxrtJ 4irlWU SjljjJl 4^-j3 jUJl 4LG 4x*S e^lIL 



273 



.<ltjlj (*3ej> <Ll9gj AoiL&Xl SjljJeJl jUJt ^ iLlj U«.X CyUjiLuj «i 



1 



273 



273 l^Jl 



*6M 




.ij^j^l^ 4^jJ C^aj Ju-C PV 0 [ = COIlSt Jj^jo^j15 



UiiXTl iL^u air. X2I = const JjL" OJJ^ • 

T 

p 

.|4£&£t)t d^-u ale — = const <£a$JLuaJi • 
T 

PlCV^L = P 2( V ol)2 ^ ^ ^ # 



= const ^ ^ 



taajlaJt tZi£*J JU£. 6j\j3tA\ -^AjM |**aell ibijl JjaLxa 

( V ol)t°C " ( V ol)o°C 



ttv (V«iVc xAt, c 



P P 0 -cXAt°c 



273 



> ^ A 




.... ...{43trstJi 

***** * jlA$j[jJ\ 

(( * t 44^> 

** ♦ ♦ ^ ** 

i^Jj j^^j S^UiJ' cLoi ojLluJ* jlL>i ^j-i S-iLj) - ^ 

jLL^Vi c^^J» l^jtui S^bj (\ 
jlt^V* ft^tf- Sj>bj (V 

iffcj^t^ (Y i V) 2L?tJL5^ (T i Y ;\ ) 0) 

AStJjXj^ l^ul3 (t) (^) (Y ; \ ) (■>) 

* bj^Zi ^L_oI! » kIjL>jjJ J^AlS (jjiUiLa ^Jjl ^LuijV^ ftu^> sj 1 ^ ^rj^ " ^ 

37°K ( v ) 0° K 0) 

373°K CO 100 K (^) 

310°K U) 

m 





:U j'll! ^4 S^d^fc4 4U*£ <— L^-uHIl " t 

<Gj^j*> Cj^o die b-i^la 

laJulaJl jdii die 4jjI^- b^^L> (i) 

4jj^>- jJJlS die <^taiu-a ) j> nXr (-<*) 

j^JI JLljIj (^5e->- Lli-feJ jlAli / u \ i rtfhXo IOC die J^*^ il iA - t 

80°C ( v ) 20°C 0) 

293°CO) 160°C (^) 

410°C U) 

< <nnif! ^jjjj J \n U fr jLaJl C?0 

Jli^u die d*-^j J^-*^ s^*^' -id*!)* J^bt» ^xJJtllb JjLci l_1u£ - \ 

j-x-^t) slulj <G)_j <L*^*_r- Cj^_u die jUlH hi J^Lsl^ -iLroV 4Jb^ lJx^ -V 

$ lll*e Jj^j J^iLi ^^tJ L-laJ^S -V 
dij^-p die Sj^_sJi 3_>-j^ ^JJujb jLii! hi <ji <u^j*_UL> £>a-u > lit ^ - 1 




S ^j*^ j*"" J>i*-> ■ 1 ^ -0 

293 °C ^ ; ;^ti j^tf 4^)0-^ ^J-s 10°C jLJ: jJJ - \ 

(2 Liter) jl^U 

4j Lait ila-M jl_ua_3 (-91 °C) ^\ J 0°C 4_ *-^s ^ ct^A 4j Ji_JL_a -V 

0°C ju£, ftt^Ji iai^> ojSa ^ 40cmHg 

(60 cm Hg) 

84cmHg La - - -, -^ij 91°C ~....<^i /, A a ^ «C-T 

76 cm Hg La -, ^j, 0°C ^ L^j^ e&a 760 cm 3 
(630 cm 3 ) (S T P Sji j*r i $ hi, mi Jj^* ^) 

(25%) $ <b ^>^>* 6^ c^! 

(-3°C) 

(1 ,8 Attn) 

28 cm 3 l_j ct* j^t-s lIl^cj 10*1 3m ^i^J 1 ^ ^ i - m \ 

^po-jL^O 27 C < a h jlLc 3j*j^tJ* 7 C 4-jJ| jLAii ^^jlM ^ 
K01 3 x 10 5 N/m 2 ^>^t ,ut u lQms 2 * >. .^jVt ;LyiL*ti 

t (1000kg/m 3 ^ ttiSj 

(60 cm 3 ) 



Ui^L* UjU£. 3>5t^ SjLflU 4^ dL)j>£u3 4j^j * 0 ) 

. toiSa 4 <>^5e^tll U3^J i^t^ 5 ^ cg-^- ^ . a*aA 3jL=tJtl * 

JSLAJt JjLfcJt ^k, 4^ i>> tl 5 * £ it* JSLi ^j-ij j^Ut j-^N^-i j-*-^-* dJJ^* <>»n j> i ^ 4 





rs; 



9 SJP <> 'MS Ju^ *>iaJl ^bui *bul jjJuf (tj till £>£.l 0 

f R , Q die Jfi ^IS^it ^>i^Jl ^UAU till j>it (Y 



1 J^jQt) ^jU^4 




JyS- B ^1 A ^y^> ^Lujj jLl^a {llo ±i 0) ^LUl JiAJl ^AjuUj ^jJL* (0) 





l_3 IjJcjV* dJjtj ^ 4 t i ni^-l ^~2~&±L* j[ f Jj4La>^ 60° Sj^Ij J>Aj 4 ^ ( 1 ) 

8 

Jru 4-3 Lml* J_uiL?a £^y>_4 66 X 10" HI 4_L^_4 J^ta JfSjLM — ( Y ) 

5m JjLsJ* cru aL^UJI 4^Luil^ 11 x lG~ 4 m i^ILklijJ.t lh 7j " 7; * h l£j£>-* 

Jjjj liLt , Ij^La bLuLiiit &Lt! u_jL-mjuj j^-<_luj ^a^Aj U ILa 1 1 fV^ksj-^- ( A ) 

ib^j L*lu . JiuiV Luj.*j Al&^a Ujuua ^^la^iJI <j*4 <_jUuiil *LU jta^ 4^L*u4 

. ^.Ul Y Li_uj)j dl&aii d^-^j LaJU£L daL^La d^LuLj4 



.(ij-iLfc) \j.ali.inA \j[jj-ui JjLu* tjiij-ui ^j^!^ l-jl^IjJI i^jJlJt j-Si 1 O* ) 

li t Af Lj_^lUu 4^15 ^1 jJuC. JjLuJt U^tM^ ^J^" wm^UIS ^JL?t) 1 £OA ^3 4j1 J^jt |ti 

Cj\ jjjLui fijjL ^[ L-jixAJj 0.4 rnVs ^ jjt 0,5 cm ajLz3 ua^j lfcjr ^uuj uk>^ ( ^ ) 

s Otj.(jLuJi ^jla ijit ju^$t 0.25 m/s L^a (*jLh oLsj-w it j-u^ 0.2 cm J£ ^^Li JLuai 

,800kgm 3 cu3Jl SiUSj lOQOkgnr 3 *Ui iaUSu* ^jjjt gUujI 

200 N L&j^lS Sji <uk, ^Sp 4X10- 4 m 2 j ■ i <u^» i^L^ (u) 
^p^Slii L^JL^j j* jlL* ^.mjv) 20 x 10" 4 m 2 4^ ^t^c 4^1^.^^ 

. 10ms 2 



1 J^jQt) £jtl^4 




ifolTlj p$h3\ %i,u*¥ JjJ i 4ji ^Lij* 




45jJlI! cjjuaJ* JyJ ^jjiiill* J i \a fl £>5til J 3 -^ 4jjJju3 ^y^iir m,H ^^.j tlildJ ^UJbtLd 



JjLii dL±Z> J^a diJaj -*1-*3-!r* L *+* L^^pUu Jlaj <j-L.lc jyLa^LuJI j^cl r.Att 

c^Ji ^lAjj Ji^ljdl bJiT L^lS^* <Ll ^jJL=*j .^aSULI ijjJjL?t)1 ^Sj^Sfl 

^^A* J^LaJl j^j^Vt cj) l>\ ?> 4)L>- ^ L** -<L>-ft J? ^5 ^ ' ( a 5LaJLi_? A3C_ff 

. ^Uj^ 4xi^S 4j^5 O^llf! c^uaJf j^taj cJJjJ bJS L^lS^ul ^Lay ij\ 

, L»^L4 kJT ic - " P,S Jv 4 JUC c^ilaJl jLj^i jijJllj aJ "I ~ i 

^bjLttf 4 3 ilfljl ^jujIJ uLxJ" 5 li ^Ld-JLtb J^-dlLi cj-daJJ ijtJjjlaJ 1 5i t - h ^J-C laLd-TfeJJ 




JjSj ju Jb V jaja r 4j^tj t J)l iiaLU joSt ia-u* * ^)t 4aLJ£ J3I 

0 0 

iiJJjJ 90 ^Saultj laJibuJt cniiU yjt ltu 3j$tJJt J*^J 45 %it. fll H ^IJJ ^ 



0=* = «°=3O 
2 2 



^ = sin''(n x sin0) = sin _1 (V2 x 0.5) = 45° 
a = 20-A = (2x45)-6O = 3O° 



Ax = A— 
d 

Ax = 66 X 10" 8 x — — -^r = 3 x 1 0" 3 m 

llxlO -4 



Iu^jJd/sH 4Lj_j!iL?Jl ^ l-jI r.rtUt sLU dJj^LJJ J^ujV (i^Lsj^ifcl f 1—4 JLlC " A 

. j^s * ^k. <U.u3 jSft ixjibtJ 1 4bt£. 4aJ* ^^t-j-U cJJa * iAi^-tJu 





(1.5xl<T 2 )xl000 m _ 2 

h = - = 1.9 x 10 m 

o 800 




OiiaJI CJlntDlQoJI 



i (AT x OV) 

Ui 1 



ljL 



ill. 
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